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(54) Signal discrimination circuit 

(57) An operation of a discriminated result output 
unit (53) which determines on the basis of a judged 
result (S5) based on an interblock electric power ratio of 
an input signal (Si) and a judged result based on a 
zero-cross number (S6) whether the input signal (S1) is 
a voice signal or a voiceband data signal is controlled by 
an output (S10) of a tone detection unit (52) which ana- 
lyzes the input signal (S1) by a spectrum analyzer to 
calculate sub-band powers and which determines on 



the basis of the sub-band powers the presence or 
absence of the tone signal, whereby an output (S11) of 
a discriminated result output unit (53) can be set to the 
value "0" (voice signal) when the tone signal is input. 
The signal discrimination circuit can reliably classify var- 
ious types of signals including tone signal into voice sig- 
nal or voiceband data signal with a high accuracy. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a signal discrimination circuit and, more particularly to a signal discrimination circuit for dis- 
criminating the type of a signal transmitted via a telephone network to a voice signal and a voiceband data signal, for 
example. 

A digital circuit multiplication equipment (simply referred to hereinafter as a "DCME") has heretofore been known 
as an apparatus to which this signal discrimination circuit is applied. FIG. 21 shows in block form an overall arrangement 
of the DCME. As shown in FIG. 21 , in the DCME, there are shown M-channel input signals 200-1 through 200-M which 
are input to the DCME. The M-channel input signals 200-1 to 200-M are input through signal lines 201-1 to 201 -M, 202- 
1 to 202-M, 203-1 to 203-M to channel assignment unit 210, an activity detection unit 21 1 and a signal discrimination 
unit 212, respectively. The activity detection unit 21 1 determines whether the M-channel input signals 200-1 to 200-M 
are held in the active state or in the silent state. Then, the activity detection unit 211 supplies detected results to the 
channel assignment unit 210 as active/silent judged results 204-1 to 204-M. 

The channel assignment unit 210 is responsive to the active/silent judged results 204-1 to 204-M to assign the sig- 
nal of the active channel of the M-channel input signals 200-1 to 200-M to any of m signal lines 206-1 to 206-m and 
sends the same to an encoding unit 213. The signal discrimination unit 212 determines whether the M-channel input 
signals 200-1 to 200-M are the voice signal or the voiceband data signal. Then, the signal discrimination unit 212 out- 
puts the judged results to the encoding unit 213 as signal type discriminated results 205-1 to 205-M. The encoding unit 
213 encodes the m-channel input signals 206-1 to 206-m supplied thereto from the channel assignment unit 210 at a 
proper encoding bit rate corresponding to the signal type based on the signal type discriminated results 205-1 to 205- 
M supplied thereto from the signal discrimination unit 21 2 to thereby output encoded signals 207-1 to 207-m. 

In a conversational speech signal such as a telephone communication signal, it is known that a silent time during 
which the each subscriber listens to a speech of the person he is talking to occupies about 60% to 70% of the whole 
telephone communication time. Therefore, if the channel assignment unit 210 connects only the active speech channel 
signals among the M-channel input signals 200-1 to 200-M to the m-channel signal lines (m is smaller than M), then the 
channel assignment unit 210 can reduce the transmission channels. Also, the encoding unit 213 encodes the input sig- 
nals 206-1 to 206-m in a low-rate encoding fashion. As the encoding algorithm used by the encoding unit 213, there is 
known an adaptive differential pulse code modulation (simply referred to hereinafter as "ADPCM") system described in 
ITU-T recommendation G.726. According to the ADPCM system, an input signal with a transmission rate of 64 [kbits/s] 
can be compressed and encoded to any one of signals with transmission rates of 40 [kbits/s], 32 [kbits/s], 24 [kbits/s] 
and 16 [kbits/s]. 

If the encoding unit 213 uses the ADPCM system, then a encoding bit rate should preferably be selected on the 
basis of judged result obtained when it is determined whether the input signal is the voice signal or the voiceband data 
signal. Specif ically, when the input signal is the voice signal, if an encoding bit rate is lowered in a range in which a qual- 
ity of an voice signal can be maintained without disturbing a telephone conversation, then a telephone network can be 
utilized more efficiently. Thus, in this case, the encoding bit rate is chosen to be 32 [kbits/s] or lower. When on the other 
hand the input signal is the voiceband data signal, the encoding bit rate has to be chosen to be 40 [kbits/s] in order to 
avoid the occurrence of a transmission error. As described above, the signal discrimination unit 212 that can determine 
whether the input signal is the voice signal or the voiceband data signal is required in order to properly determine the 
encoding bit rate of the encoding unit 213. Therefore, the encoding speed of the encoding unit 213 may be controlled 
in response to the signal type discriminated results 205-1 to 205-M of the signal discrimination unit 212. 

FIG. 22 shows a conventional signal discrimination circuit (see Unexamined Japanese Patent Publication (Kokai) 
3-250961). This signal discrimination circuit is made corresponding to a one-channel input signal input to the DCME 
and can discriminate the signal type of the one-channel input signal. As shown in FIG. 22, there is provided a linear con- 
version unit 1 for converting an input PCM signal Si to a linearly quantized PCM signal S2 after the input PCM signal 
S1 had been nonlinearly quantized by a suitable coding method, such as A-law compression and encoding. In FIG. 22, 
reference numeral 2 denotes an electric power judgement unit, 3 a zero-crossing number judgement unit and 6 an AND 
circuit With the above-mentioned arrangement, the nonlinearly quantized PCM signal S1 input to the signal discrimi- 
nation circuit is converted to the linearly quantized PCM signal S2 by the linear conversion unit 1 and input through sig- 
nal lines S3, S4 to the electric power judgement unit 2 and the zero-crossing number judgement unit 3, respectively. 

The electric power judgement unit 2 calculates an electric power ratio between predetermined blocks with respect 
to the linearly quantized PCM signal S2 input thereto (referred to hereinafter as "interblock electric power ratio"). Then, 
the electric power judgement unit 2 judges on the basis of a magnitude of the interblock electric power ratio whether the 
input signal S2 is the voice signal or the voiceband data signal. The electric power judgement unit 2 supplies a judged 
result to the AND circuit 6 as an output S5. FIGS. 23A to 23C show waveforms of various input signals input to the sig- 
nal discrimination circuit A fluctuation of a signal level of an voiceband data signal (FIG. 23B) is smaller than that of an 
voice signal (FIG. 23A). Accordingly, when the interblock electric power ratio is larger than a predetermined threshold 
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value, the electric power judgement unit 2 determines that the input signal S2 is the voice signal. Then, the electric 
power judgement unit 2 sets its output S5 to a value 'O". When the interblock electric power ratio is smaller than the 
threshold value, the electric power judgement unit 2 determines that the input signal S2 is the voiceband data signal. 
Then, the electric power judgement unit 2 sets its output S5 to a value "V. 

The zero-crossing number judgement unit 3 receives the input linearly quantized PCM signal S2 and calculates the 
number (simply referred to hereinafter as "zero-crossing number") with which the linearly quantized PCM signal S2 
crosses the zero level during the unit time. Then, the zero-crossing number judgement unit 3 determines on the basis 
of the magnitude of the zero-crossing number whether the input signal S2 is the voice signal or the voiceband data sig- 
nal. The zero-crossing number judgement unit 3 supplies its judged result to the AND circuit 6 as an output S6. FIGS. 
24A to 24C show frequencies at which the various input signals input to the signal discrimination circuit cross the zero 
level. A distribution of a zero-crossing number of the voiceband data signal (FIG. 24B) is narrower than that of the voice 
signal (FIG. 24A). Since the distribution ol the zero-crossing numbers of the voiceband data signal is limited to a par- 
ticular range dependent on a modulation system of a MODEM (modulator and demodulator), if the conditions that the 
fluctuation of the zero-crossing number is small and that the zero-crossing number falls within a constant range are sat- 
isfied, then the zero-crossing number judgement unit 3 determines that the input signal is the voiceband data signal. 
Then, the zero-crossing number judgement unit 3 sets its output to the value "V. rf not, then the zero-crossing number 
judgement unit 3 judges that the input signal is the voice signal. Then, the zero-crossing number judgement unit 3 sets 
its output to the value "0". 

The AND circuit 6 perlorms the calculation of logical AND of the output S5 of the electric power judgement unit 2 
and the output S6 of the zero-crossing number judgement unit 3. Then, the AND circuit 6 supplies a judged result indic- 
ative of whether the input signal is the voice signal or the voiceband data signal as an output S12. The following table 
1 shows a truth table indicating the states of the signals input to and output from the AND circuit 6. 



TABLE 1 



Output (S5) of electric power judgement unit 2 


0 


0 


1 


1 


Output (S6) of zero-crossing number judgement unit 3 


0 


1 


0 


1 


Output (S12) of AND circuit 6 


0 


0 


0 


1 



Study of the table 1 reveals that, when the output S5 of the electric power judgement unit 2 and the output S6 of 
the zero-crossing number judgement unit 3 are both held at the value "1", it is determined that the input signal is the 
voiceband data signal. Then, the output S12 of the AND circuit 6 is set to the value "1". Also, when at least one of the 
output S5 of the electric power judgement unit 2 and the output S6 of the zero-crossing number judgement unit 3 is held 
at the value "0\ it is determined that the input signal is the voice signal. Then, the output S1 2 of the AND circuit 6 is set 
to the value "0". The output S12 of the AND circuit 6 becomes the judged result of the signal discrimination circuit. 

Therefore, when the voiceband data signal is input to the signal discrimination circuit, the electric power judgement 
unit 2 and the zero-crossing number judgement unit 3 determine that the input signal is the voiceband data signal. 
Then, if the outputs S5, S6 thereof are set to the value "1 " and the AND circuit 6 performs the calculation of the logical 
AND of the output S5 of the electric power judgement unit 2 and the output S6 of the zero-crossing number judgement 
unit 6, then the output S12 of the signal discrimination circuit is set to the value T (voiceband data signal). When on 
the other hand the voice signal is input to the signal discrimination circuit, the electric power judgement unit 2 deter- 
mines that the input signal is the voice signal. Then, the electric power judgement unit 2 sets its output S5 to the value 
"0". Alternatively, the zero-crossing number judgement unit 3 determines that the input signal is the voice signal. Then, 
the zero-crossing number judgement unit 3 sets its output S6 to the value "0". If the AND circuit 6 performs the calcu- 
lation of the logical AND of the output S5 of the electric power judgement unit 2 and the output S6 of the zero-crossing 
number judgement unit 3, then the output S12 of the signal discrimination circuit is set to the value "0" (voice signal). 

In the above-mentioned DCME, it is frequently observed that a test is made by using an input tone signal in order 
to evaluate a quality of a telephone network used when a telecommunication based on the voice signal is carried out. 
In this case, in order to obtain the proper encoding bit rate used when the voice signal is input, it is desirable that the 
signal discrimination circuit should determine that the input tone signal is the voice signal. 

The following table 2 shows output states of the conventional signal discrimination circuit when the voice signal, the 
voiceband data signal and the tone signal are input to the signal discrimination circuit as a variety of input signals. 
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TABLE 2 



Type of input signal 


Output of signal discrimination circuit 


Voice signal 


0 (voice signal) 


Tone signal 


1 (voiceband data signal) 


Voicebancl data signal 


1 (voiceband data signal) 



The conventional signal discrimination circuit outputs a discriminated result of value "0" (voice signal) when the 
input signal has a large fluctuation of zero-crossing number. Moreover, the conventional signal discrimination circuit out- 
puts a discriminated result of value "1" (voiceband data signal) when the input signal has a small fluctuation of zero- 

75 crossing number and a fluctuation of an electric power is small. 

A fluctuation of a signal level of the tone signal is much smaller than those of signal levels of the voiceband data 
signal (FIG. 23B) and the voice signal (FIG. 23A) as shown in FIG. 23C. Also, a distribution of the zerorcrossing number 
of the tone signal is much narrower than those of the zero-crossing numbers of the voiceband data signal (FIG. 24B) 
and the voice signal (FIG. 24A) as shown in FIG. 24C. Therefore, the aforesaid conventional signal discrimination circuit 

20 is difficult to discriminate between the voiceband data signal and the tone signal from each other. Accordingly, if the tone 
signal is input to the conventional signal discrimination circuit, there is then the problem that a signal identified result is 
erroneously identified as the value T (voiceband data signal). 

SUMMARY OF THE INVENTION 

25 

In view of the aforesaid aspect, the present invention is to provide a signal discrimination circuit which can reliably 
classify various types of signals including tone signal into voice signal or voiceband data signal with a high accuracy. 

In order to solve the aforesaid problems, a signal discrimination circuit according to a first aspect of the invention 
includes an electric power judgement unit for determining on the basis of an interblock electric power ratio whether an 

30 input signal is a voice signal or a voiceband data signal, a zero-crossing number judgement unit for determining on the 
basis of the number of zero-crossings whether the input signal is the voice signal or the voiceband data signal, and a 
discriminated result output unit for determining on the basis of the judged results of the electric power judgement unit 
and the zero-crossing number judgement unit whether the input signal is the voice signal or the voiceband data signal 
and outputting a judged result. This inventive signal discrimination circuit further includes a sub-band power calculation 

35 unit for calculating powers of each frequency bands by using analyzed results after having analyzed an input signal by 
a spectrum analyzer and a tone detection unit for determining on the basis of an output of the sub-band power calcula- 
tion unit whether or not there exists a tone signal, wherein an operation of the discriminated result output unit is control- 
led by an output of the tone detection unit. 

A signal discrimination circuit according to a second aspect of the invention includes a sub-band power calculation 

40 unit for calculating powers of each frequency bands by using analyzed results after having analyzed an input signal by 
a spectrum analyzer, a tone detection unit for determining on the basis of an output of the sub-band power calculation 
unit whether or not there exists a tone signal, an voice/data discrimination unit for determining on the basis of an output 
from the sub-band power calculation unit and a discriminated result output unit for determining on the basis of judged 
results of the tone detection unit and the voice/data discrimination unit whether an input signal is the voice signal or the 

45 voiceband data signal and outputting a judged result. 

Furthermore, a signal discrimination circuit according to the invention includes a reset signal generation unit for 
receiving a signalling signal, detecting a connection or a disconnection of call on the basis of the state of the signalling 
signal and generating a reset signal when a call connection or a call disconnection is detected. When the reset signal 
generation unit generates the reset signal, the signal discrimination circuit outputs the discriminated state of the voice 

so signal. 

Furthermore, a signal discrimination circuit according to the invention includes a tone detection unit to compare a 
power value of the frequency band closest to 2100 [Hz] of the outputs of the sub-band power calculation unit with a pre- 
determined threshold value. Then, the tone detection unit detects the presence or absence of the tone signal with the 
frequency of 2100 [Hz] on the basis of the compared result. When the tone detection unit detects the tone signal with 
55 frequency of 2 1 00 [Hz], the signal discrimination circuit outputs the discriminated state of the voiceband data signal. 

Furthermore, a signal discrimination circuit according to the invention includes a tone detection unit composed of 
a peak frequency power addition unit for adding a power value of the maximum power band of the outputs of the sub- 
band power calculation unit and power values of N bands adjacent to the foregoing band, a whole band power addition 
unit for adding power values of whole frequency band output from the sub-band power calculation unit and a judgement 
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unit for calculating a ratio between an output of the peak frequency power addition unit and an output of the whole band 
power addition unit and judging the presence or absence of the tone signal on the basis of the calculated result. 

Furthermore, a signal discrimination circuit according to the invention includes a tone detection unit composed of 
a first peak frequency power addition unit for adding a power value of the maximum power band of the outputs of the 

5 sub-band power calculation unit and power values of N bands adjacent to the foregoing band, a peak frequency power 
zero mask unit for forcibly setting an added output of the band supplied thereto from the first peak frequency power 
addition unit to a value "0" after outputs of the sub-band power calculation unit had been added by the first peak fre- 
quency power addition unit, a second peak frequency power addition unit for adding a power value of the maximum 
power band of the outputs of the peak frequency power zero mask unit and power values of N bands adjacent to the 

io foregoing band, an adder for adding an output ol the first peak frequency power addition unit and an output of the sec- 
ond peak frequency power addition unit, a whole band power addition unit for adding whole band power values output 
from the sub-band power calculation unit, and a judgement unit for calculating a ratio between an output of the adder 
and an output of the whole band power addition unit and judging the presence or absence of the tone signal on the 
basis of a calculated result 

is Furthermore, a signal discrimination circuit according to the invention includes a tone detection unit composed of 

center frequency calculation unit for calculating a mean value of a frequency spectrum distribution of an input signal 
from the output of the sub-band power calculation unit, a delay buffer for holding an output of the center frequency cal- 
culation unit and a judgement unit for judging the presence or absence of a tone signal on the basis of the output of the 
center frequency calculation unit and an output of the delay buffer. 

20 Furthermore, a signal discrimination circuit according to the invention includes a tone detection unit composed of 
a delay buffer for holding an output of the sub-band power calculation unit, a difference calculation unit for calculating a 
difference between the output of the sub-band power calculation unit and an output of the delay buffer, and a judgement 
unit for judging the presence or absence of a tone signal on the basis of an output from the difference calculation unit. 
Furthermore, a signal discrimination circuit according to the invention includes a tone detection unit composed of 

25 a delay buffer for holding an output of the sub-band power calculation unit, a divider for calculating a ratio between the 
output of the sub-band power calculation unit and an output of the delay buffer, and a judgement unit for judging the 
presence or absence of a tone signal on the basis of an output from the divider 

Furthermore, a signal discrimination circuit according to the invention includes an voice/data discrimination unit 
composed of a low frequency power addition unit for adding only power values of the lower frequency bands of outputs 

30 from the sub-band power calculation unit, a whole band power addition unit for adding whole band power values output 
from the sub-band power calculation unit, and a judgement unit for calculating a ratio between an output of the low fre- 
quency power addition unit and output of the whole band power addition unit and judging on the basis of a calculated 
result whether an input signal is a voice signal or a voiceband data signal. 

Furthermore, a signal discrimination circuit according to the invention includes the voice/data discrimination unit 

35 composed of a whole band power addition unit for adding whole band power values output from the sub-band power 
calculation unit, a delay buffer for holding an output of the whole band power addition unit, a difference calculation unit 
for calculating a difference between the output of the whole band power addition unit and an output of the delay buffer, 
and a judgement unit for judging on the basis of an output from the difference calculation unit whether an input signal 
is a voice signal or a voiceband data signal. 

40 Furthermore, a signal discrimination circuit according to the invention includes the voice/data discrimination unit 
composed of a low frequency power addition unit for adding only power values of low frequency bands of outputs from 
the sub-band power calculation unit, a whole band power addition unit for adding whole band power values output from 
the sub-band power calculation unit, a delay buffer for holding an output of the whole band power addition unit, a differ- 
ence calculation unit for calculating a difference between the output of the whole band power addition unit and an output 

45 of the delay buffer, and a judgement unit for determining on the basis of outputs of the low frequency power addition 
unit, the whole band power addition unit and the difference calculation unit whether an input signal is a voice signal or 
a voiceband data signal. 

Furthermore, a signal discrimination circuit according to the invention includes the voice/data discrimination unit 
composed of a sub-band power decimation unit for selecting from an output of the sub-band power calculation unit a 
so plurality of bands in which features of a voice signal or a voiceband data signal become conspicuous and a judgement 
unit for judging on the basis of an output of the sub-band power decimation unit whether an input signal is a voice signal 
or a voiceband data signal. 

According to the present invention, an operation of the discriminated result output unit for determining on the basis 
of the judged result based on the interblock electric power ratio of the input signal and the judged result of the zero- 
55 crossing number whether the input signal is the voice signal or the voiceband data signal is controlled by the output from 
the tone detection unit for calculating the sub-band power by analyzing the input signal from a spectrum standpoint and 
which determines the presence or absence of the tone signal on the basis of the calculated sub-band power. Therefore, 
the tone signal can be reliably classified into the voice signal. Thus, it is possible to reliably classify various types of sig- 
nals including tone signal into voice signal or voiceband data signal with high accuracy. 
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According to other aspect of the present invention, the sub-band power is calculated by analyzing the input signal 
from a spectrum standpoint- Then, the presence or absence of the tone signal is judged on the basis of the calculated 
sub-band power. Also, it is determined on the basis of the calculated sub-band power whether the input signal is the 
voice signal or the voiceband data signal. Then, it is determined on the basis of the tone detection result and the 
voice/data discriminated result whether the input signal is the voice signal or the voiceband data signal Therefore, 
when the voice signal and the voiceband data signal are discriminated from each other, it is possible to reliably classify 
various types of signals including tone signal into voice signal or voiceband data signal with a high accuracy by the 
arrangement in which the decisions based on the interblock electric power ratio and the zero crossing number are not 
carried out. 

Further, it is determined on the basis of the state of the signalling signal whether the call is connected or the call is 
disconnected. When the call connection or the call disconnection is detected, the reset signal is generated and the sig- 
nal discrimination circuit outputs the discriminated state of the voice signal in response to the reset signal. Therefore, 
when a telephone communication is started, the signal discrimination circuit can output the initial signal discriminated 
output of the voice signal. Thus, it is possible to reliably classify various types of signals including tone signal into voice 
signal or voiceband data signal with a high accuracy. 

Further, when the tone signal is detected, the presence or absence of the 2100 [Hz] tone signal is detected in 
response to the power value of the band close to 2100 [Hz] of the sub-band powers. Then, when the 2100 [Hz] tone 
signal is detected, the signal discrimination circuit outputs the discriminated state of the voiceband data signal. There- 
fore, the 2100 [Hz] tone signal used as the MODEM communication procedure can reliably be classified into the voice- 
band data signal. Thus, it is possible to reliably classify various types of signals including tone signal into voice signal 
or voiceband data signal with a high accuracy. 

Further, when the tone signal is detected, the presence or absence of the tone signal is judged in response to the 
added value which results from adding the power value of the maximum power value band of the sub-band powers and 
the power value of the nearby band and the added value which results from adding the whole band power values of the 
sub-band powers. Therefore, it is possible to reliably detect the tone signal with a single frequency by using a charac- 
teristic in which a ratio between the added value of the peak powers and the added value of the whole band powers is 
increased when the input signal in which a frequency spectrum is concentrated locally is supplied. Thus, it is possible 
to reliably classify various types of signals including tone signal into voice signal or voice band data signal with a high 
accuracy. 

When the tone signal is detected, the first peak power is obtained by adding the power value of the maximum band 
of the sub-band power and the power value of the nearby band. Also, the second peak power is obtained by adding the 
power value of the maximum band of other sub-band powers and the power value of the nearby band. Then, the pres- 
ence or absence of the tone signal is detected in response to the ratio between the added value which results from add- 
ing these power values and the added value which results from adding the whole band power values of the sub-band 
powers. Therefore, when the input signal with a frequency spectrum locally concentrated, such as the tone signal with 
the single frequency or the tone signal with dual frequencies is supplied, it is possible to reliably detect such input signal 
by using a characteristic in which the ratio between the added value of the peak powers and the added value of the 
whole band powers is increased. Thus, it is possible to reliably classify various types of signals including tone signal 
into voice signal or voiceband data signal with a high accuracy. 

When the tone signal is detected, the mean value of the frequency spectrum distribution of the input signal is cal- 
culated from the sub-band powers as the center frequency. Also, the center frequency is held and the presence or 
absence of the tone signal is judged on the basis of the center frequency. Therefore, when input signals with small fluc- 
tuation of frequency spectrum, such as the tone signal with the single frequency or the tone signal with dual frequencies 
are supplied, it is possible to reliably detect these input signals by using a characteristic in which the time fluctuation of 
the center frequency is reduced. Thus, it is possible to reliably classify various types of signals including tone signal into 
voice signal or voiceband data signal with a high accuracy. 

When the tone signal is detected, the sub-band powers are held and the presence or absence of the tone signal is 
judged on the basts of the difference between the sub-band powers thus held and sub-band powers directly inputted. 
Therefore, when the input signal with a small frequency spectrum fluctuation, such as a single-frequency tone signal or 
a dual -frequency tone signal is supplied, it is possible to detect the tone signal with the single frequency or the tone 
signal with the dual frequencies by using a characteristic in which the difference is reduced. Thus, it is possible to reli- 
ably classify various types of signals including tone signal into voice signal or voiceband data signal with a high accu- 
racy. 

Further, when the tone signal is detected, sub-band powers are held and the presence or absence of the tone sig- 
nal is judged on the basis of the ratio between the sub-band powers thus held and sub-band powers directly inputted. 
Therefore, when the input signals with the small frequency spectrum fluctuation, such as a single-frequency tone signal 
or a dual-frequency tone signal are supplied, it is possible to detect the tone signal with the single frequency or the tone 
signal with the dual frequencies by using a characteristic in which the ratio is reduced. Thus, it is possible to reliably 
classify various types of signals including tone signal into voice signal or voiceband data signal with a high accuracy. 
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frequency band and the added value of the whole band power values whether or not the input signal is the vo^e Ja^ 

20 or the vojceband data SKjnal. Therefore, it is possible to highly accurately discriminate between thetofce slnal a^ UhJ 
voiceband data signal by using the characteristic in which the ratio of the added va.ue of the power valuTo £ £ 
requency band I re.afve to the added va.ue of the whole band power values is increased when L input signaNn whi^ 
the power d,stnbut IO n ,s devated on the .ow frequency band such as the voice signal is supp.ied and * ^chara^Sc 

25 ^ns supS 6renCe ' S Wh6n ^ ^ ^ W " h thS «™ < - Swer such as ZSZZ 

Furthermore, the voice/data discrimination unit selects a plurality of bands in which feature nf th* • , 

thevoicebanddata signal of the sub-band peters becomererirkab^^ 

E ue : Then ■ ? is de,ermined on ,h * basis of this output whether the input signal is the™ ce stgna or thTvoice 
band data s.gnal. Therefore, if the voice/data discrimination processing is executed bv usino esrh S hinn! ! ,?" 

30 :tT sen, : 9 , a ? ,requency band - a midd,e ,requen ^ band and a ^^^^S^^X 

d,SCnminate betWee " ^ Si9na ' and ,he V0iC6band ™* ^ by the simpta^^ 
BRIEF DESCR IPTION OF THE DRAWINGS 

Fl'fi I i ! bl0C , kdia 9 ram an arrangement of a signal discrimination circuit according to an embodiment 1 ■ 

in FIG. i ; ^ ° Wm9 arran9Sment °» a tone dete <*°" -it in the signal discretion cSit showli 

- ^^^JS^T^ used to ■* Wn an opera ' on °* ,he ,one detection unit in ,he si9nal dis - 

RG 5 fs dXZ. 8 !^ ^ arranQement ° f 3 discrimination circuit according to an embodiment 2; 

ci'tif shcln°n fS 4 ^ " arran9ement <* 3 VOice * a,a ^crimination unit in the signa, discrimination 

- Sa. l ° 6XP,ain " *~ *» * - **-"■*« unit in the 

FIG 1 1 a bi^S 9 ' 3 " 1 S !! 0Win9 a " arransement of a ^ discrimination circurt according to an embodiment 5- 
in FIG. 7; 9 ° W ' ng ^ arran 9 ement 0< a ,one d ^ction unit in the signal discrimination circuit shown 

f!p' !n S ic a b '° Ckdia9 ,; am sh0 * in 9 an arrangement of a signal discrimination circuit according to an embodiment T 

loSl Ir T 9 T n 10 6XP,ain an ° Perati0n ° f tne Si 9 nal ^crimination circuit sh^wn in FIG 9 when a 
local station side makes an outgoing call M ' M wnen a 

.oS- it n OPera,i ° n ° f ^ " 9na ' diSCriminati °" Sh0W " in F ' G 9 — a 

» a'c^ng to ant'Srennt" 9 " arra " 9ement ^ " ^ '""t^ ^ in 3 Si9na ' diSCrimination 
FIG. 13 is a schematic diagram used to explain an operation of the tone detection unit shown in FIG 12 
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FIG. 15 is a block diagram showing an arrangement of atone detection unit used in a signal discrimination circuit 
according to an embodiment 12; 

FIG. 16 is a block diagram showing an arrangement of a tone detection unit used in a signal discrimination circuit 
according to an embodiment 13; 
5 FIG. 17 is a block diagram showing an arrangement of an voice/data discrimination unit used in a signal discrimi- 

nation circuit according to an embodiment 14; 

FIG. 18 is a block diagram showing an arrangement of an voice/data discrimination unit used in a signal discrimi- 
nation circuit according to an embodiment 15; 

FIG. 19 is a block diagram showing an arrangement ol an voice/data discrimination unit used in a signal discrimi- 
10 nation circuit according to an embodiment 16;; 

FIGS. 20A through 20D are schematic diagrams used to explain an operation of a sub-band power decimation unit 
in the voice/data discrimination unit shown in FIG. 19; 

FIG. 21 is a block diagram showing an overall arrangement of a DCME which uses a signal discrimination circuit; 
FIG. 22 is a block diagram showing an arrangement of a conventional signal discrimination circuit; 
is FIGS. 23A to 23C are signal waveform diagrams used to explain waveforms of various signals input to the signal 
discrimination circuit of the present invention; and 

FIGS. 24A to 24C are schematic diagrams used to explain a frequency at which various signals input to the signal 
discrimination circuit cross the zero level. 

20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Embodiments of the present invention will hereinafter be described with reference to the drawings. 

Embodiment 1 

25 

FIG. 1 shows an arrangement of an embodiment 1 of a signal discrimination circuit. In FIG. 1. like parts correspond- 
ing to those of FIG. 22 are marked with the same references. As shown in FIG. 1 . there is provided a FFT calculation 
unit 50 which effects a FFT (fast Fourier transform) calculation on the output S2 input thereto from the linear conversion 
unit 1 through a signal line S7. A sub-band power calculation unit 51 receives outputs S8-0 to S8-(n-1) from the FFT 

30 calculation unit 50 and calculates powers of every signal band. A tone detection unit 52 receives output S9-0 to S9-(n- 
1) from the sub-band power calculation unit 51 and judges the presence or absence of the tone signal on the basis of 
the sub-band powers. A discriminated result output unit 53 determines on the basis of the output S5 of the electric 
power judgement unit 2, the output S6 of the zero-crossing number judgement unit 3 and the output S10 of the tone 
detection unit 52 whether the input signal S1 is the voice signal or the voiceband data signal. 

35 FIG. 2 shows an arrangement of the tone detection unit 52 in detail. As shown in FIG. 2, there is provided a peak 
frequency power addition unit 40 for receiving the output S9-0 to S9-(n-1) input thereto from the sub-band power calcu- 
lation unit 51 through signal lines S12-0 to S12-(n-1) and which adds a power value of the maximum power band and 
power values of N bands adjacent to the maximum power band. Moreover, there is shown a whole band power addition 
unit 42 which adds all outputs S9-0 to S9-(n-1 ) input thereto from the sub-band power calculation unit 51 through signal 

40 lines Si 3-0 to Sl3*(n-1) to calculate the powers of the whole frequency bands. Furthermore, there is shown a judge- 
ment unit 43 for calculating a ratio between an output S14 of the peak frequency power addition unit 40 and an output 
S15 of the whole band power addition unit 42 and which judges the presence or absence of the tone signal on the basis 
of the value of this ratio. 

With the aforesaid arrangement, the output S2 from the linear conversion unit 1 is input through the signal lines S3, 
45 S4, S7 to the electric power judgement unit 2, the zero-crossing number judgement unit 3 and the FFT calculation unit 
50. The FFT calculation unit 50 receives the output S2 input thereto from the linear conversion unit 1 through the signal 
line S7 and sets consecutive 2n linear PCM signal sample strings to one analysis frame. Then, the FFT calculation unit 
50 multiplies signals existing within this analysis frame with a window function and effects a discrete Fourier transform 
on the signals multiplied with the window function. Then, the FFT calculation unit 50 transmits calculated results as the 
so outputs S8-0 to S8-(n-1 ). 

In this case, x{0], x[l] x[2n-1] assume the linear PCM signal sample strings input to the FFT calculation unit 50. 

As the window function that are multiplied to the linear PCM signal sample strings, there is known a Humming window 
which is defined by the following equation (1): 

55 w[k] = 0.54-0.46 cos (2 nk/2n) (1) 

where k - 0,1,2. • * • , 2n-1 

The resulting signal which results from multiplying the linear PCM signal sample strings with the window function of the 
equation (1) is represented by y[k] and expressed by the following equation (2): 
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y[k) = x[k) x w[k) 



where k = 0,1,2 • • • 2n-l 

ZZXE&SS, & mu " ip " ed "* h ,he ""™ to " ,un * n is processed " a *— F °»- — »» 



2n-1 



*[*]= 2>[/n]»/ m . 

where iv = e'i ZlU2n 
k = 0,1,2,- • - ,2n-1 

^ni?;ri Ca JpT ,a, f r | eSU,tS Xl ° ] ' X[1] ' X[2] are set to the output S8-0, S8-1 S8-2 S8-(n-2) S8 
used a FFT^fast^o^r^er "ran^o'rm^^^exarr^^.^ 6 Ca ' CU ' a *' n ^ means °' this discrete Fourier transforni, there can 
m 1 wTh ^J"^^ power calculation unit 51 calculates powers of n bands on the basis of the outputs S8 0 to Sfi 

P 0 P TZTT a r h tranSmi,S Ca ' CUla,aJ reSU ' tS 35 ^ ^ » S9 (n-^lgfai 

HUJ. nn n?) P[n-2], P[n-1 are the powers S9-0, S9-1, S9-2 S9-fn-21 S<Wn--n „i »ho h L ^ L < 

sub-band power calculation unit 51 , then P[0] to Pfn-1 can chained hv rff^ OUlPUt fr ° m 11,6 

lowing equation (4) on X[0] to X[n-1]: Y * ^ 3 Ca,culatl ° n expressed by the fol- 

P[k] = X[k] x X*l/c] " 

where k - 0,1,2, • • • ,n-i 

When a sampling frequency of an input signal is chosen to be 8000 [Hz] or a freauencv hanri of *n .- 
chosen to be 4000 [Hz] P[01 Pill Pfcl prn-?i pr n 11 ™ ,2 ,requency band of an < n P* s.gnal is 

dividing the band wLth of 4000 lil^^n\TKlSTf 32 fT 1***"°? COmp ° nen,S which resu » <™ 
. .. PI30]. P[31] are expressed on the foZing tab* 3 ' * freqUenC,6S eqU,Valen, l ° P[0] ' P|1J - P ^ 



TABLE 3 



Output value of sub-band 
power calculate-ion unit 51 


Corresponding 
frequency 


Output value of sub-band 
power calculation unit 51 


Corresponding 
frequency 


P[0] (S9-0) 


0Hz 


P[16](S9-t6) 


2000Hz 


P[1] (S9-1) 


125Hz 


P[17](S9-17) 


2125Hz 


P[2] (S9-2) 


250Hz 


P[18) (S9-18) 


2250Hz 


P[3] (S9-3) 


375Hz 


P[19](S9-19) 


2375Hz 


P[4] (S9-4) 


500Hz 


P[20] (S9-20) 


2500Hz 


P[5] (S9-5) 


625Hz 


P[21](S9-21) 


2625Hz 


P[6] (S9-6) 


750 Hz 


P[22] (S9-22) 


2750Hz 


P[7] (S9-7) 


875Hz 


P[23] (S9-23) 


2875Hz 


P[8J (S9-8) 


1000Hz 


P[24] (S9-24) 


3000Hz 


P[9] (S9-9) 


1125Hz 


P[25] (S9-25) 


3125Hz 


P[10] (S9-10) 


1250Hz 


P[26] (S9-26) 


3250Hz 


P[11](S9-11) 


1375Hz 


P[27] (S9-27) 


3375Hz 


P[12] (S9-12) 


1500Hz 


P[28] (S9-28) 


3500Hz 


P[13] (S9-13) 


1625Hz 


P[29J (S9-29) 


3625Hz 


P[14] (S9-14) 


1750Hz 


P[30] (S9-30) 


3750Hz 


P[15](S9-15) 


1875Hz 


P[31](S9-31) 


3875Hz 



[Hz 



Therefore, it is possible to obtain the power values of the respective frequency components with a resolution of 125 
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The case that the frequency band width of the input signal is chosen to be 8000 [Hz] will be considered herein. If 
the frequency is analyzed with a resolution finer than 125 [Hz], e.g., the frequency is analyzed with a resolution of 62.5 
[Hz] or 31 .25 {Hz], then n = 64 or n = 128. Further, if the frequency is analyzed with a resolution more coarse than 125 
[Hz], e.g., the frequency is analyzed with a resolution of 250 [Hz] or 500 [Hz], then n = 16 or n = 8. If other sampling 
frequencies are used, then the value of n will be determined similarly as described above. 

Then, the tone detection unit 52 judges the presence or absence of the tone signal on the basis of the outputs S9- 
0 to S9-(n-1) of the sub-band power calculation unit 51. rf the tone detection unit 52 detects the tone signal, then the 
value "1" is set to the output S10. If on the other hand the tone signal is not detected, then the value "0" is set to the 
output S1 0. FIGS. 3A to 3C show how the tone detection unit 52 operates when various signals are input to this signal 
discrimination circuit. 

FIG, 3A shows an output of the sub-band power calculation unit 51 when the voice signal is input to the signal dis- 
crimination circuit. FIG. 3B shows an output of the sub-band power calculation unit 51 when the voiceband data signal 
is input to the signal discrimination circuit. FIG. 3C shows an output of the sub-band power calculation unit 51 when the 
tone signal is input to the signal discrimination circuit. As clear from FIGS. 3A to 3C, a power of the output of the sub- 
band power calculation unit 51 is dispersed in a wide frequency band when the voice signal or the voiceband data signal 
is input to the signal discrimination circuit. A power thereof is concentrated in a narrow frequency band around the fre- 
quency of the tone signal when the tone signal is input The tone detection unit 52 according to this embodiment deter- 
mines on the basis of such features whether or not the input signal is the tone signal. 

The processing done by the tone detection unit 52 will be described in detail. Sub-band power values S9-0 to S9- 
(n-1) input to the tone detection unit 52 are supplied through the signal lines S12-0 to S12-(n-1) and S13-0 to S13-(n- 
1) to the peak frequency power addition unit 40 and the whole band power addition unit 42, respectively. Initially, the 
peak frequency power addition unit 40 calculates a band in which a power of the sub-band powers S9-0 to S9-(n-1) 
becomes maximum and adds the power value of this band and power values of N frequency bands adjacent to the fore- 
going band. Then, the peak frequency power addition unit 40 outputs an added value S14. When P[kmax] (0 kmax < 
n-1) of the power values P[k] (k = 0, 1. 2, .... n-1) becomes maximum, if the power value P[kmax] of the band in which 
the power becomes maximum and the power values (P[kmax-1], P[kmax+1]) of the bands adjacent to the foregoing fre- 
quency band are added, then N = 2. The value of N is properly determined based on the window function used in the 
FFT calculation unit 50 and a required performance of the tone detection unit 52. 

The whole band power addition unit 42 calculates all power values S9-0 to S9-(n-1) output from the sub-band 
power calculation unit 51 and outputs an added value S15. The judgement unit 43 performs on the basis of the output 
S14 of the peak frequency power addition unit 40 and the output S1 5 of the whole band power addition unit 42 a judge- 
ment within the analysis frame to determine whether or not the input signal is the tone signal. Then, the judgement unit 
43 performs a final judgement of tone signal detection by using tone signal detected results obtained within a plurality 
of consecutive analysis frames and then outputs judged result as an output S1 0. 

When the input signal is the tone signal with the single frequency, as shown in FIG. 3C, a frequency spectrum of a 
signal is concentrated on one frequency band so that most power values of the single-frequency tone signal are 
included in a frequency band (shown by A3 in FIG. 3C) added by the peak frequency power addition unit 40. Accord- 
ingly, the output S14 of the peak frequency power addition unit 40 and the output S15 obtained from the whole band 
power addition unit 42 when powers of the whole frequency band (shown by B3 in FIG. 3C) are added by the whole 
band power addition unit 42 become substantially equal to each other. 

When on the other hand the input signal is the voice signal or the voiceband data signal, as shown in FIGS. 3A and 
3B, the frequency spectrum distribution of the signal is widened as compared with the frequency spectrum distribution 
obtained when the tone signal is input. Therefore, the output S1 4 obtained from the peak frequency power addition unit 
40 when the power values of the bands shown by A1 , A2 in FIGS. 3 A and 3B are added by the peak frequency power 
addition unit 40 becomes smaller than the output S15 obtained from the whole band power addition unit 42 when the 
power values of the frequency bands shown by B1 , B2 in FIGS. 3 A and 3B. Therefore, if the output S14 of the peak 
frequency power addition unit 40 and the output S15 of the whole band power addition unit 42 establish therebetween 
a relationship expressed by the following equation (5), it is judged that the tone signal is detected within the analysis 
frame. 

output of peak frequency power addition unit 40 Th1 
output of whole band power addition unit 42 * ' 

If on the other hand the relationship expressed by the equation (5) is not established, then it is judged that the tone sig- 
nal cannot be detected within the analysis frame. In the equation (5), reference symbol Th1 depicts a previously-deter- 
mined threshold value. 

If the presence or absence of tone signal is judged only within one analysis frame, there is then the possibility that 
the presence of tone signal will be erroneously detected when the input signal is the voice signal or the voiceband data 
signal. Therefore, it is finally determined on the basis of the tone signal detected results obtained within a plurality of 
consecutive analysis frames whether or not the tone signal is detected. If the tone signal is detected in N2 or more anal- 
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ysis frames out of N1 consecutive analysis frames, then the output S1 0 of the judqement unit 43 k ,Pt tn a . - 



TABLE 4 



Output (S10) of tone detection unit 52 


0 


0 


0 


0 


1 


Output (S5) of electric power judgement unit 2 


0 


0 


1 


1 


X 


Output (S6) of zero-crossing number judgement unit 3 


0 


1 


0 


1 


X 


Logical product of outputs S5 and S6 


0 


0 


0 


1 


X 


Output (S1 1) of discriminated result output unit 53 


0 


0 


0 


1 


0 


S10 J 












0: Tone signal could not be detected. 
1 : Tone signal could be detected. 
S5 toSH 












0: Input signal is judged as voice signal. 

1 : Input signal is judged as voiceband data signal. 

X: Input signal may be judged as voice signal or voiceband data signal 





30 



35 



40 



45 



50 



55 



Embodiment ? 



FIG. 4 shows an arrangement of a signal discrimination circuit accordinq to the embodiment o in r.o a rt . , 
, , shc " ,,s an arrangement of the voice/data discrimination unit 60 in detail As shn™, in nr « «. ■ 
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(n-1 ). Further, there is provided a judgement unit 1 1 4 which determines on the basis of outputs S32 and S33 of the low 
frequency power addition unit 1 1 0 and the whole band power addition unit 1 1 1 whether the input signal is the voice sig- 
nal or the voiceband data signal. 

With the above-mentioned arrangement, the outputs S9-0 to S9-(n-1) of the sub-band power calculation unit 51 are 
5 input through the signal lines S20-0 to S20-(n-1) and S21 -0 to S21-(n-1) to the tone detection unit 52 and the voice/data 
discrimination unit 60. The voice/data discrimination unit 60 determines on the basis of the outputs S9-0 to S9-(n-1) of 
the sub-band power calculation unit 51 whether the input signal S1 is the voice signal or the voiceband data signal. 
Then, the voice/data discrimination unit 60 transmits a judged result as an output S23. 

FIGS. 6A and 6B show an operation of the voice/data discrimination unit 60. FIG. 6A shows an output obtained 
to from the sub-band power calculation unit 51 when the voice signal is input. FIG. 6B shows an output obtained from the 
sub-band power calculation unit 51 when the voiceband data signal is input. As shown in FIG. 6A, when the input signal 
is the voice signal, a power distribution is concentrated in the low frequency bands. As shown in FIG. 6B, when the input 
signal is the voiceband data signal, a frequency spectrum thereof becomes a relatively flat distribution around a carrier 
frequency of MODEM and a distribution range is limited. It is possible to determine on the basis of the aforesaid feature 
is whether the input signal is the voice signal or the voiceband data signal. 

The input signals S9-0 to S9-(n-1) to the voice/data discrimination unit 60 are input through the signal lines S21-0 
to S21-(n-1) and S30-0 to S30-(n-1), S21-0 to S21-(n-1) and S31-0 to S31-(n-1) to the low frequency power addition 
unit 1 10 and the whole power addition unit 111, respectively. The low frequency power addition unit 110 adds powers 
of bands corresponding to the low frequency regions of the sub-band powers S9-0 to S9-(n-1) andlransmits an added 
20 value as an output S32. If reference symbols A1 and A2 depict regions added as the low frequency bands in FIGS. 6A 
and 6B, then when the input signal is the voice signal, the magnitude of the output S32 of the low frequency power addi- 
tion unit 1 10 becomes large as compared with the case that the input signal is the voiceband data signal. 

The whole band power addition unit 1 1 1 adds all power values S9-0 to S9-(n-1) output from the sub-band power 
calculation unit 51 and supplies an added value to the judgement unit 1 14 as an output S33. The judgement unit 114 
25 determines on the basis of the outputs S32, S33 of the tow frequency power addition unit 1 10 and the whole band 
power addition unit 1 1 1 within the analysis frame whether the input signal is the voice sinal or the voiceband data signal. 
Then, it is finally determined on the basis of judged results obtained within a plurality of consecutive analysis frames 
whether the input signal is the voice signal or the voiceband data signal. The judgement unit 1 14 transmits a judged 
result as the output S23. 

30 In actual practice, the judgement unit 1 14 initially calculates a ratio between the output S32 of the low frequency 
power addition unit 1 10 and the output S33 of the whole band power addition unit 111. Then, the judgement unit 114 
determines on the basis of the following equation within the analysis frame whether the input signal is the voice signal 
or the voiceband data signal. 

output of low frequency power addition unit 1 1 0 ^ j h2 ^ 
35 output of whole band power addition unit 1 1 1 

In the equation (6), reference symbol Th2 denotes a previously-determined threshold value. If the input signal is the 
voice signal, then a value on the left-hand side member of the equation (6) becomes large as compared with the case 
that the input sinal is the voiceband data signal. Therefore, if the equation (6) is satisfied, then it is determined within 

40 this analysis frame that the input signal is the voice signal. If on the other hand the equation (6) is not satisfied, then it 
is determined within this analysis frame that the input signal is the voiceband data signal. 

Then, it is finally determined on the basis of judged results obtained within a plurality of consecutive analysis 
frames whether the input signal is the voice signal or the voiceband data signal. If it is determined in N4 or more anal- 
ysis frames out of N3 consecutive analysis frames that the input signal is the voice signal, then the output S23 of the 

45 judgement unit 1 14 is set to the value "0" (voice signal). H it is determined in N6 or more analysis frames out of N5 con- 
secutive analysis frames that the input signal is the voiceband data signal, then the output S23 of the judgement unit 
1 14 is set to the value T (voiceband data signal). If it is determined that the input signal is neither the voice signal nor 
the voiceband data signal, then the output S23 of the judgement unit 114 holds the previous state. 

The discriminated result output unit 61 determines on the basis of the output S22 of the tone detection unit 52 and 

so the output S23 of the voice/data discrimination unit 60 whether the input signal is the voice signal or the voiceband data 
signal. Then, the discriminated result output unit 61 transmits a judged result as an output S24. The following table 5 
shows a truth table which indicates states of signals input to and output from the discriminated result output unit 61. 



55 



EP0 734 012 A2 



TABLE 5 



15 



20 



30 



40 



45 



Output (S22) of tone detection unit 52 


0 


0 


1 


1 


Output (S23) of voice/data discrimination unit 60 


0 


1 


0 


1 


Output (S24) of discriminated result output unit 61 


0 


1 


0 


0 



w 



If the output S22 of the tone detection unit 52 is held at the value "(T (tone sianai « nnt ri ot0 H^ ^ ^ 
above table 5, then the judged result S23 o. the voice/data discrimination 

mated resu output unit 61 . If on the other hand the output S22 of me tone detection unit Kl^SSTe -S- 
s,gna. ,s detected) then regardless of the judged result of the voice/data discrimination unit 60 the outo j. S2I 0 me 
d.scr.minated result output unit 61 is set to the value "0" (voice signal). 

With the above-mentioned arrangement, when the input signal, such as the voice signal whose power distribution 
,s concentrated on the .ow frequency band is suppled, it is possibte to reliably discriminate tr^^SJS 
the vo-ceband data s.gnal by using the feature that the ratio of the output S32 of the low Ueauenn o^T^T™ , 

^ T a t ^ US6d bV ,he t0ne deteCti0n Unrt 52 10 detecf ,he ton * ^9nal is used by the voiceTdata disTriminaTon 
unrt eo, then the voice/data discrimination unit 60 need not calculate the zeLrossing nu^l^S^ 

ZZZ more" 6 6 emb0dimen1 " *" * th6 Si9 " al «™™™»<>n circuit can be i^- 



25 Embodiment 3 



^ ! * h * d, f c " mmated resu,t out P ut un » 53 causes the output S1 1 to be set to the value "0" (voice signal) when 

in T.Z! l,6d theret ° the 0UtPUt S1 1 ° f the ^criminated result output unit 53 may be held 

n the prevous state rf the output S10 of the tone detection unit 52 is set to the value "rOone signa ls ItLTS Th^f 

ommlt? o e n° ne t 9nal inPUt t0 ^ d ™ a < ion ^ a part of the signa/uansmS during SftSS 
communcat-on. such as an unmodulated carrier signal generated by MODEM, it is possible to effectively ^event S> 
signal discnrnmated result from becoming the voice signal. effectively prevent the 



3 5 Embodiment A 



While the discriminated result output unit 61 causes the output S24 to be set to the vsI.jp -n- ei„„,.i ^ 
Tth'eTs^ 

I ,h! P ent '° n ' S " 0t " mi,ed * eret ° and the 0utput S24 of the discriminated result output unit 61 SybS 

n the prev.ous state if the output S22 of the tone detection unit 52 is set to the value "1 • (tone^gnal i detected) If 
rt -s then posstole to achieve similar effects to those of the above-mentioned embodiment 3. 

Embodiment 5 

FIG. 7 shows an arrangement of an embodiment 5 of the signal discrimination circuit In FIG 7 like oarte corr* 
•ponrtng Xo *ose of FIG. 1 are marked with the same references. As shown in FIG. 7. there is prov^ a tone detSn 

enl tl reCe TI S 0UtPUtS S9 "° 10 S9 - (n1) ,r ° m the P° wer «"«*«on unit 51 to dlrmine SSS£ 

ence or absence of the tone signal and the presence or absence of the 21 00 [Hz] tone signal on the basS of sub-S 

sTa^i 1^!^ 3 resu " »*« «* 56 *** ^.erminei on the'basis 

unit Sthlthe ll iTl K P °T J r d9ement ^ 2 ' 2er °- crossin 9 numb *' dement unit 3 and the *£. detection 
unrt 55 whether the .nput s.gnal .s the vo.ce signal or the voiceband data signal. FIG. 8 shows an arranaement of the 

enTes tl3^,S IX ™ <*™»»** * *«• °< F«L 2 are mar^ wTt^ "m 

^oS^Se " ' S ' 3 2100 [HZl det6C,i0n Unit M WNCh d6,eC,S <he PreS6nCe ° r absence °< 

puts s!To to%^riT^ n ^ 3 H a w 9ement - ^ 1,16 t0ne deteC,i ° n Unit aCCOrdin9 10 ,his embodiment, among the out- 
P rT» «T *° S ^" (n - 1) of the sub -band power calculation unit 51 , a power value S9-i of the band closest to 2100 THz I 

8000 [Hz] and n = 32. the outputs S9-0 to S9-(n-1) of the sub-band power calcu.ation unit S are Gained asshZon 
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the table 3. Therefore, the power value of the band closest to the 2100 [Hz] band becomes P[17] (S9-17). Accordingly, 
in this case, the power value P[17] (S9-17) is input through the signal line S16 to the 2100 [Hz] detection unit 44. 

The 2100 [Hz] detection unit 44 receives the power value S9-i of the band closest to 2100 [Hz] and compares this 
input value and the previous1y<Jetermined threshold value. If the input value is larger than the threshold value, the 2100 
[Hz] detection unit 44 judges within the frame that the 2100 [Hz] tone signal can be detected. If not then the 2100 [Hz] 
detection unit 44 judges within the frame that the 2 1 00 [Hz] tone signal cannot be detected. On the same ground as that 
of the embodiment 1, it is finally determined on the basis of 2100 [Hz] tone signal detected results obtained within a 
plurality of consecutive analysis frames whether or not the 2100 [Hz] tone signal is detected. If the 2100 [Hz] tone signal 
is detected in N8 or more analysis frames out of consecutive N7 analysis frames, then the output S17 of the 2100 [Hz] 
detection unit 44 is set to the value n V (2100 [Hz] tone signal is detected). If not then the output S17 of the 2100 [Hz] 
detection unit 44 is set to the value "0" (2100 [Hz] tone signal is not detected). 

The tone detection unit 55 outputs the tone signal detected result S10 output from the judgement unit 43 and the 
2100 [Hz] detected result S1 7 output from the 2100 [Hz] detection unit 44 to the discriminated result output unit 56. The 
discriminated result output unit 56 determines on the basis of the outputs S10. S17 of the tone detection unit 55, the 
output S5 of the electric power judgement unit 2 and the output S6 of the zero-crossing number judgement unit 3 
whether the input signal is the voice signal or the voiceband data signal. The following table 6 shows a truth table which 
indicates states of signals input to and output from the discriminated result output unit 56. 
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Output of tone detection unit 55 2100 [Hz] detected result (S17) 


0 


0 


0 


0 


0 


1 


Output of tone detection unit 55 Tone detected result (S10) 


0 


0 


0 


0 


1 


X 


Output (S5) of electric power judgement unit 2 


0 


0 


1 


1 


X 


X 


Output (S6) of zero-crossing number judgement unit 3 


0 


1 


0 


1 


X 


X 


Logical product of outputs S5 and S6 


0 


0 


0 


1 


X 


X 


Output (S1 1) of discriminated result output unit 56 


0 


0 


0 


1 


0 


1 


S17 

0: 2100 [Hz] tone signal is not detected. 
1 : 2100 [Hz] tone signal is detected. 

X: 2100 [Hz] tone signal may not be detected or may be detected. 
S10 

0: tone signal is not detected. 
1 : tone signal is detected. 

X: tone signal may not be detected or may be detected 
S5 to S1 1 

0: input signal is judged as voice signal. 

1 : input signal is judged as the voiceband data signal. 

X: input signal may be judged as voice signal or voiceband data signal. 



45 When the 2100 [Hz] detected result S17 output from the tone detection unit 55 is held at the value "1" (2100 [Hz] 
tone signal is detected), regardless of the tone detected result S10 output from the tone detection unit 55. the output 
S5 of the electric power judgement unit 2 and the output S6 of the zero-crossing number judgement unit 3, it is deter- 
mined on the basis of the above table 6 that the input signal is the voiceband data signal. Then, the value "1" is set to 
the output S11. 

so Then, when the 2100 [Hz] detected result S17 output from the tone detection unit 55 is held at the value "0" (2100 
[Hz] tone signal is not detected) and the tone detected result S10 output from the tone detection unit 55 is held at the 
value m V (tone signal is detected), regardless of the output S5 of the electric power judgement unit 2 and the output SB 
of the zero-crossing number judgement unit 3. it is determined on the basis of the above table 6 that the input signal is 
the voice signal. Then, the value "0" is set to the output S11. Subsequently, when the 2100 [Hz] detected result S17 

55 output from the tone detection unit 55 is held at the value "0" (2100 [Hz] tone signal is not detected) and the tone 
detected result S10 output from the tone detection unit 55 is held at the value "0" (tone signal is not detected), a logical 
product of the output S5 of the electric power judgement unit 2 and the output S6 of the zero-crossing number judge- 
ment unit 3 are used as the output of the discriminated result output unit 56. Specifically, when the output S5 of the elec- 
tric power judgement unit 2 and the output S6 of the zero-crossing number judgement unit 3 are both held at the value 
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15 



-r. it is determined that the input signal is the voiceband data signal. Then, the value T is output to the Si 1 Further 
when at least one of the output S5 of the electric power judgement unit 2 and the outpul S6 of the zero-cross na number 

rati™™^ 9 ,0 above ;™; ntioned arrangement, the 2100 [Hz] tone signal that is used in the MODEM communi- 
cation procedure can be rehably detected on the basis of the power value of the band close to 2100 [Hz] oHhTsub 
band powers and the 2100 [Hz] tone signal can be classified into voiceband data signal. 

Embodiment 6 

h«,JS.T ^ ab ^ e - me " tioned embodiment 2. it the tone detection unit 52 is added with a 2100 [Hz] tone siqnal 
detection function, then when the tone detection unit 52 detects the 21 00 [Hz] tone signa., the outpu S24 oHhe dis 

han the 2100 [Hz] tone signa, is delected, the output S24 of the discriminated resuft output unit 61 VS£2T££ 
o the value 0 (vo.ce s-gna.) or held in the previous state, it is possible to achieve similar effects to those SSe j£2 



Embodiment 7 
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FIG. 9 shows an arrangement of the embodiment 7 of the signal discrimination circuit. In FIG 9 like carts corr* 
spondmg to those of FIG. 1 are marked with the same references. Reference symbols SS and SR in TO 9 dTsZfe 
s,gna l.ng s.gna.s m the channel associated signaling system. Specif ical.y. reference symbol SS designates a sSlfna 
s,gna. from a local exchange and reference symbol SR designates a signalling signa. from a rerrS JSJISTS ere 
j prov.ded a reset s ,gna. generation unit 120 which receives the signing signal SS from the lo^ l exSn^the 

Ze on tTn V? ^ 6XChan9e 10 9en6rate 3 reS6t Si9nal A Criminated result c>utrL uTl21 Ster 

mines on the bas,s of the outputs S5. S6. S10. S40 of the electric power judgement unit 2 the zero^rossina nurnblr 

Wrth the above-mentioned arrangement, the reset signal generation unit 1 20 receives the signalling sional SS from 

of ^ ? Si9na " ing Si9nal SR ,r ° m the rem0,e exChan 9 e and det *=* a caB iSSSS^tSSS 

o the states o the signaling s.gnals SS. SR. When detecting the call connection, the reset signal genLt^g unit 120 

? Z ^ A 1 ? Perati ° n eX6CU,ed Wh6n ,he ,0Ca ' Side USer becomes *• «■« * "SS n FIG 10 
. 10 shows a sec » uence of transmitting and receiving control signals between the local exchange and the emote 
exchange when the local side user becomes the caller arrange ana tne remote 

SS SR « !E£ h'Si ^ th ! 1 Ca,l COnneC,i ° n haS n0t 66 "»*■ *» si 9 nal *** of •» ^nailing signals 

SS. SR are both held at the value "1". In order to start the remote exchange, the local exchange initial chances the 
s-gna.hng s^na. SS from "1" to "0" (connect signal). When the remote exchange receh^SSS^STS; 
^e exchange sets the signalling signa. SR to the value "0" (proceed-to-send signal) during a c^intaS in 
win hl S eXChan96 *" rem0,e 6XChan9e beC ° meS read ^ for receivi "9 the numerical signal men 

signa1, the ,ocal exchange ,ransmits dial numeral * nforma ^ 

E ° ( 'I the remote exchange by a combination of tone signals of particular frequencies within the voice- 
band ,n order to mferm the remote exchange whom this call should be connected to (party Sing caTedT 

eaH^T 9 ^ Si9na ' St3te ° f the Signal,ir, 9 s, 9 nal SS is he,d at the value "O". Then when the party being 

"0 " Jntr I ,nC °T 9 °* the rem ° ,e 6XChan9e Chan9es the si 9 na,,in 9 ^ SR from the value "1 ■ to the 7a ue 

« ? connect,on ,s completed and a telephone communication becomes possible When a tel- 
^"0^ If °" '-i^ ^ Han9S * the ' OCal 6XChan9e * e ^nalli^signa. SSfrom fte 
Wh^ 1 . „ (han9 " UP S,9na,) i0 0rd6r t0 inf0rm the remote excha "9 e »*t the calling party has hung up 

the" lue n e «hTT 9e -v C f H VeS ** hUn9 UP Si9nal - ,h6 rem ° te 9XChan9e Cha ^ es the -9-inng signal SR from 
T< t! u (d.sconnect srgnal) in order to inform the local exchange that the hung up signal is 

detected. Thus, the call disconnect operation is ended 9 P 9 S 

When the local exchange side makes an outgoing call, under the condition that the call connect has not be mad* 
he signa states of the signalling signals SS. SR are both hekt at the value "1 -. When the co^ lna! islnslttti 

"r SZ 5 S,9 n a ? R ' S he ' d 3t the Va ' Ue " 1 " and il iS de,ec,ed ,hat the Si 9 na,lin 9 ^ SS is changed f^m the Sue 
an outgoi; Sl. ^ ^ " A * ^ 10) ' " ' 8 P ° SSib ' e t0 det6Cl ,hat the ,ocal exchange side has mad^ 

*nu^ , a ° Perat i 0n 6XeCUted Wh6n the rem ° 1e exchan 9 e side makes an outgoing call will be described below- FIG 1 1 
shows a s-gna. sequence of the signaling signal SS transmitted from the local exchange and the ^^9^ ^ 
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transmitted from the remote exchange under the condition that the remote exchange side makes an outgoing call. The 
signal sequence provided when the remote exchange makes an outgoing call as shown in FIG. 1 1 might be the same 
as the signal sequence provided when the local exchange side makes an outgoing call as shown in FIG. 10 in which 
the signalling signals SS and SR are replaced with each other. 

When the remote exchange side makes an outgoing call, under the condition that the call connect has not be made, 
the signal states of the signalling signals SS, SR are both the value "1". Then, when the connect signal is transmitted 
from the remote exchange side, the signalling signal SR is changed from the value "1" to the value "0". Therefore, when 
the signalling signal SS is held at the value "1 " and it is detected that the signalling signal SR is changed from the value 
"1" to the value "0" (timing point shown at A in FIG. 11). it is possible to detect that the remote exchange side has made 
an outgoing call. 

Accordingly, the reset signal generating unit 120 determines that the local exchange side or the remote exchange 
side has made an outgoing call when it is detected that the signalling signal SR is held at the value "1 " and that the sig- 
nalling signal is changed from the value "1" to the value "0" or it is detected that the signalling signal SS is held at the 
value "1" and that the signalling signal SR is changed from the value "1" to the value "0". Then, the reset signal gener- 
ation unit 1 20 sets the value "0" to the output S40 for a certain time width and uses this output S40 as the reset signal. 

In other cases, the reset signal generation unit 120 sets T to the output S40. Specifically, the reset signal S40 
obtained when the local exchange side makes the outgoing call becomes as shown at B in FIG. 10. The reset signal 
obtained when the remote exchange side makes the outgoing call becomes as shown at B in FIG. 1 1 . The reset signal 
S40 is input through the signal lines S41, S42, S43 to the discriminated result output unit 121, the electric power judge- 
ment unit 2 and the 2ero-crossing number judgement unit 3, respectively. 

The discriminated result output unit 121 makes the judged results based on the output S5 of the electric power 
judgement unit 2, the output S6 of the zero-crossing number judgement unit 3 and the output S10 of the tone detection 
unit 52 effective when the output S41 of the reset signal generating unit 120 is held at the value "1", or the reset signal 
generating unit 120 is deenergized. At that time, if the output S10 of the tone detection unit 52 is held at the value "0" 
(tone signal is not detected), then the discriminated result output unit 1 2 1 makes the discriminated results of the electric 
power judgement unit 2 and the zero-crossing number judgement unit 3 effective. Specifically, when the output S5 of 
the electric power judgement unit 2 and the output S6 of the zero-crossing number judgement unit 3 are both held at 
the value "1", it is determined that the input signal is the voiceband data signal. Then, the discriminated result output 
unit 121 sets the value "1 " to the output S11 . When at least one of the output S5 of the electric power judgement unit 2 
and the output S6 of the zero-crossing number judgement unit 3 is held at "0". the discriminated result output unit 121 
determines that the input signal is the voice signal. Then, the discriminated result output unit 121 sets "0" to the output 
S11. 

When the output S41 of the reset signal generation unit 120 is held at the value *1 M , if the output S10 of the tone 
detection unit 52 is held at the value "1 " (tone signal is detected), then regardless of the output S5 of the electric power 
judgement unit 2 and the output S6 of the zero-crossing number judgement unit 3, the output S1 1 of the discriminated 
result output unit 121 is held at the value "0" (voice signal) or held in the previous state. 

On the other hand, when the output of the reset signal generating unit 120 is held at the value "0". or the reset sig- 
nal generating unit 120 outputs the reset signal, regardless of the output S5 of the electric power judgement unit 2, the 
output S6 of the zero-crossing number judgement unit 3 and the output S10 of the tone detection unit 52, the output 
S1 1 of the discriminated result output unit 121 is set to the value "0" (voice signal). Further, when the outputs S42 and 
S43 of the reset signal generating unit 120 are held at the value "0", or the reset signal generating unit 120 outputs the 
reset signal, the electric power judgement unit 2 and the zero-crossing number judgement unit 3 reset their internal 
states such that their outputs S5 and S6 become the value "0" (voice signal). 

With the above-mentioned arrangement, the reset signal generating unit 120 detects the call connection on the 
basis of the states of the signalling signals SS, SR. Then, when the call connection is detected, the reset signal gener- 
ating unit 120 resets the discriminated state to the voice signal, to thereby place the initial state of the signal discrimi- 
nated output obtained when a telephone communication is started to the voice signal. 

Embodiment 8 

In the above-mentioned embodiment 7. the states of the signalling signals SS. SR are monitored. Then, when the 
call connection is detected, the output S1 1 of the discriminated result output unit 121 is set to the value "0" (voice sig- 
nal). The present invention is not limited thereto and there might be provided a means for detecting a call disconnection. 
Then, when the call disconnection is detected by such call disconnection detecting means, the output S1 1 of the signal 
discriminated output S11 may be set to the value M 0" (voice signal) with similar effects to those of the embodiment 7 
being achieved. 
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Embodiment 9 



In the above-mentioned embodiments 7 and 8, the states of the sianallina sianak am „ u 

channel ajjodated signalling system and the present invention is not » to^^J^ 



io Embodiment 10 



12 there .s prov,ded a first peak frequency power addition unit 70 for receiving the outputs S9 ^o S9^n Si h k 

lZ2Zi:T e «»*?**™> ^ whOSe ^comes n.xirnurnL p^vate o N frequency bar!ds 

adjacent to the toregcng frequency band. There is also provided a peak frequency power zero maslTunT^ vS 

whos^r^^^^ 
fr^uency^s adjacent to the foregoing 

of the first peak frequency peak power addition unit 70 and an output S55 of the second oeak freTuS™ 1^1! 
ur* 72. There is provided a whole band power addition unit 74 for adding *^£5££^2S £? k 

s 7 ^ ates freq r cy band whose power — bec ° mes 

The peakfrequency power zero mask unit 71 receives the sub-band power values S9-0 to S<Wn 11 ao n . 
he power vak,e of the frequency band added by the first peak frequency ^we add on unh 7 fto be se to ero^on 
the bas, s o. me output S58 of the first peak fr^^ 

71 does not process power values of other frequency bands, i.e., bypasses the outputs S9-0 to S9 frTit of the cuk K !! 
power calculation unit 51 and transmits the same as out™,* «fn t« 7„ , ^r! ( } ^tend 

add-on unit 72 receives the outputs W ^.E^S^^ 

power va ue of the frequency band whose power value becomes ma^uml^e o N £££££ 

.ion unit 70 * ^"^ ,0 1(16 ^ °' abo — "«°"ed first peak frequent power ac£ 

The adder 73 adds the output S54 of the first peak frequency power addition unit 70 and the outo.rt q«w n* rho w 
end peak frequency power addition unit 72 and oulputs an addL va.ue S56. The IZTtaZ^^^ 
adds an power values S9-0 to S9-(n-l) output from the sub-band power calculation unrt 51 and ou3 Padded value 
SST^The judgement un,t 75 determines on the basis of the output S56 of the adder 73 and the oZTqs? S3? h , 

mem I^ST? ? * ^ ^ ^ ^ ^ 5 "« »* «*« Then 
equal to each other. Moreover, a sum of the output S54 of the first peak frequency power addition unit 70 SrSlS 



17 



EP0 734 012 A2 



S55 of the second peak frequency power addition unit 72 becomes a value nearly equal to the output S57 of the whole 
band power addition unit 74. 

If the input signal is the dual-frequency tone signal, then the frequency spectrum of the signal is concentrated on 
two frequency bands. FIG. 13 shows an operation of the tone detection unit 52 and shows an output obtained from the 
sub-band power calculation unit 51 when the dual-frequency tone signal is input to this signal discrimination circuit. 
Most of the powers of the tone signal of one frequency of the dual-frequency tone signal are included in the frequency 
band in which power values are added by the first peak frequency power addition unit 70 as shown at A in FIG. 13. Most 
of the powers of the tone signal with the other frequency of the dual-frequency tone signal are included in the frequency 
band in which power values are added by the second peak frequency power addition unit 72 as shown at B in FIG. 13. 
Accordingly, a sum of the output S54 of the first peak frequency power addition unit 70 and the output S55 of the second 
peak frequency power addition unit 72 becomes a value substantially equal to the output S57 of the whole band power 
addition unit 74 in which power values of the band shown at C in FIG. 13 are added. 

If on the other hand the input signal is the voice signal or the voiceband data signal, then the frequency spectrum 
distribution in such case generally becomes wider than that of the single-frequency tone signal or the dual-frequency 
tone signal. Therefore, a sum of the output S54 of the first peak frequency power addition unit 70 and the output S55 of 
the second peak frequency power addition unit 72 becomes smaller than the output S57 of the whole band power addi- 
tion unit 74. Accordingly, if a relationship expressed by the following equation (7) is established between the output S56 
of the adder 73 and the output S57 of the whole band power addition unit 74, it can be determined that the tone signal 
is detected within the analysis frame. If on the other hand such relationship is not established, it can-be determined that 
the tone signal is not detected within the analysis frame. 

output of adder 73 Th3 

output of whole band power addition unit 74 ' ' 

In the above equation (7), reference symbol Th3 depicts a previously-determined threshold value. From the same rea- 
son as that in the above-mentioned embodiment 1, it is finally determined on the basis of the tone signal detected 
results within a plurality of continuous analysis frames whether or not the tone signal is detected. If the tone signal is 
detected in N10 or more analysis frames out of N9 continuous analysis frames, then the output S10 of the judgement 
unit 75 is set to the value "1 " (tone signal is detected). If not. then the output S1 0 of the judgement unit 75 is set to the 
value "0" (tone signal is not detected). 

According to the above-mentioned arrangement, when an input signal, such as the single-frequency tone signal or 
the dual-frequency tone signal in which the frequency spectrum is concentrated on the local portion is supplied, it is 
possible to detect the single-frequency tone signal and the dual-frequency tone signal by using the feature in which the 
ratio of the value which results from adding the output S54 of the first peak frequency power addition unit 70 and the 
output S55 of the second peak frequency power addition unit 72 relative to the output S57 of the whole band power 
addition unit 74 is increased. 

Embodiment 1 1 

FIG. 14 shows other arrangement of the tone detection unit 52 as an embodiment 11 of the signal discrimination 
circuit. As shown in FIG. 14, there is provided a center frequency calculation unit 80 which calculates a mean value of 
a frequency spectrum distribution of the input signal from the outputs S9-0 to S9-(n-1) of the sub-band power calcula- 
tion unit 51 . There is provided a delay buffer 81 which delays an output S60 of the center frequency calculation unit 80 
by a delay amount of one analysis frame. Further, there is provided a judgement unit 82 which judges the presence or 
absence of the tone signal on the basis of the output of the center frequency calculation unit 80 and the output of the 
delay buffer 81. 

The center frequency calculation unit 80 calculates from the powers S9-0 to S9-(n-1) (P[0J, P[t], P[2], .... P[n-2], 
P[n-1]) a center frequency Fm defined by the following equation (8). 

n-1 n-1 

Fm= £ {*xP[*D/£P[*] (8) 

k-0 A-0 



Then, the center frequency calculation unit 80 transmits the value of this center frequency Fm as the output S60. 
The value of this center frequency Fm is input through signal lines S61 , S62 to the judgement unit 82 and the delay 
buffer 81, respectively. If the input signal is the periodic signal, such as the single-frequency tone signal or the dual-fre- 
quency tone signal, then a fluctuation of the frequency spectrum is small so that the fluctuation of the value of the center 
frequency Fm expressed by the above equation (8) is decreased with a time. If on the other hand the input signal is the 
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voicesigna. or the voiceband data signs., then the fluctuation o, the value o, the center frequency Fm is increased with 
The judgement unit 82 initially calculates a difference value between the outout Sfii rrf th* « 



Embodiment 1P 



poMrcaloMon unit 51 though signal lines S^Ott So ^^^1,^^ t ? '"^ " aetoto,he ^ ^ 
un„ S^i^^^^^ <° S'C"') o< •» -"end pee, caWaiion 

W**y. ft, Cifeence M 91 on 'i oas* She ^£Son T 

S[*)-|P[k]-0(k]| (9) 

where k = 0,1 2 • • • n-1 



/c=0 

output of difference calculation unit ^ = ]T S[/c] 



(10) 
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is the voice signal or the data band data signal, then the output S73 of this difference calculation unit 91 becomes a 
large value. 

The judgement unit 92 determines on the basis of the output S73 of the difference calculation unit 91 within the 
analysis frame whether or not the input signal is the tone signal. Then, the judgement unit 92 finally determines by using 
tone signal detected results obtained when a plurality of analysis frames whether or not the tone signal is detected. The 
judgement unit 92 then transmits a judged result as the output S10. The judgement unit 92 compares the output S73 of 
the difference calculation unit 91 and a certain threshold value with each other. When the output S73 of the difference 
calculation unit 91 is smaller than the threshold value, the judgement unit 92 judges that the tone signal is detected 
within the analysis frame. When the output S73 is not smaller than the threshold value, the judgement unit 92 deter- 
mines that the tone signal is not detected within the analysis frame. 

From the same reason as that in the embodiment 1 , it is finally determined by using tone signal detected results 
obtained within a plurality of continuous analysis frames whether or not the tone signal is detected. If the tone signal is 
detected in N14 or more analysis frames out of continuous N13 analysis frames, then the output S10 of the judgement 
unit 92 is set to the value T (tone signal is detected). If not, then the output S10 of the judgement unit 92 is set to the 
value "0" (tone signal is not detected). 

According to the above-mentioned arrangement, if the input signal, such as the single-frequency tone signal or the 
dual-frequency tone signal in which the fluctuation of the frequency spectrum is small is supplied, then the output S73 
of the difference calculation unit 91 becomes small. Therefore, it is possible to detect the single-frequency tone signal 
and the dual-frequency tone signal by comparing the output S73 of the difference calculation unit 91 and a certain 
threshold value by the judgement unit 92. 

Embodiment 13 

FIG. 16 shows other arrangement of the tone detection unit 52 as an embodiment 13 of the signal discrimination 
circuit. In FIG. 16, like parts corresponding to those of FIG. 15 are marked with the same references. As shown in FIG. 
16. there is provided a divider 101 which calculates a ratio between the outputs S9-0 to S9-(n-1) of the sub-band power 
calculation unit 51 and the outputs S72-0 to S72-(n-1) of the delay buffer 90. There is provided a judgement unit 102 
which judges the presence or absence of the tone signal on the basis of an output S74 of the divider 101 . The outputs 
S9-0 to S9-(n-1) of the sub-band power calculation unit 51 are input through the signal lines S70-0 to S70-(n-1) and 
S71-0 to S71-(n-1) to the delay buffer 90 and the divider 101, respectively. 

An operation of the delay buffer 90 is the same as that of the embodiment 12. The divider 101 compares the power 

values S71-0 to S71-(n-1) (i.e., P[0], P[1], P[2] P[n-2], P[n-1]) of the frequency bands output from the sub-band 

power calculation unit 51 and the outputs S72-0 to S72-(n-1) (i.e.. Q[0], Q[1], Q[2], .... Q[n-2], Q[n-1J) of the delay buffer 
90. 

Then, on the basis of the following equation (1 1): 

KlKi -[ Q[k] / P[k) (when P[k]zQ[k]) 
wherek^O, 1, 2, • • \ n-l (11) 

the divider 101 calculates ratios (R[0], R[1 J, R[2], .... R[n-2], R[n-1]) between the two outputs at every frequency band. 
As shown on the following equation (12), 

n-l 

Output of divider 101 = £ R[k] (12) 

K=0 



The values of the ratios thus calculated at every frequency band are added and the added value is used as the out- 
put S74 of the divider 101 . If the input signal is the periodic signal, such as the single-frequency tone signal or the dual- 
frequency tone signal, then the fluctuation of the frequency spectrum is small so that the output S74 of the divider 101 
becomes a small value, rf on the other hand the input signal is the voice signal or the voiceband data signal, then the 
output S74 of the divider 101 becomes a large value. 

The judgement unit 102 determines within the analysis frame on the basis of the output S74 of the divider 101 
whether or not the input signal is the tone signal. Then, the judgement unit 102 finally determines by using tone signal 
detected results obtained within a plurality of continuous analysis frames whether or not the tone signal is detected. The 
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judgement unit 102 then transmits a judged result as the output S10. In actual practice, the judgement unit 102 initia.lv 

Z T?h hT? 4 ? diVidSr 101 Wth 3 Cert3in ,hresh * value ,f S74 o« the 31^10 I mat 
than the threshold value^then rt ,s determined by the judgement unit 102 that the tone signal is detected w ,h n th aril 
ysis frame. If the output S74 ,s not smal.er than the threshold value, then rt is determined by the jSe^JSl W^S; 
the tone signal is not detected within the analysis frame. ejuagemem unit 102 that 

From the same reason as that of the embodiment 1 . it is finally determined by the judgement unit 1 02 bv usi™ 

S a c ^ e, ,n h t results wi,hin a plurali,y of continuous ana * sis iS^TXS^SSl 

detected. I the tone signal ,s detected in N16 or more analysis frames out of continuous N1 5 analysis framL that he 
tone signal ,s detected, then the output S10 of the judgement unit 102 is set to the value "1" ^^i^eSST! 
not. then the output S1 0 of the judgement unit 1 02 is set to the value "0" (tone signal is not dlctS) 

According to the above-mentioned arrangement, if the input signal, such as the single-frequency tone sianal or the 
dual-frequency tone signal in which the fluctuation of the frequency spectrum is small is supple oZ^S7A ° £ 
divider ioi becomes small. Therefore, rt is possible to reliably detect the single-frequency tone signa. and thfdua^ re 
quency tone s.gna, by comparing the output S74 of the div*er 101 and a certain SeJL^^^^ 

Embodiment 14 

FIG. 1 7 shows other arrangement of the voice/data discrimination unit 60 as the embodiment 14 of the sianal dk 

s Z?rgT\h G - 17 ' "J 6 COrres P° ndin 9 to oi FIG. 5 are marked with t»T™ .SlSK* 
shown in FIG. 1 7. there is provded a whole band power addition unit 1 1 1 which adds power values of thTwhote'frt 
quency bands output from the sub-band power calculation unit 51. There is provided a detay butier 1 V 2 whS d!.ll" 
an output of the whole band power addition unit 1 1 , by a de.ay amount of one analysis t^^^^tS 
ference calculate unrt 1 1 3 which calculates a difference between the output of the whole band power acd S fnH 1 i 

oHhe output from the difference calculation unrt 1 13 whether the input signal is the voice signa. or the voiceband S 

,n i^T ^ ice/da u ta discriminati ° n "nit 60. the whole band power addition unit 1 11 adds all power values S9-0 to S9 

The drflerence calculation unit 1 1 3 calculates a difference value between the output S33 of the whole band oower 
afa^ut^ 

an absolute value of this difference value and outputs this absolute value S38 As the time f lurt. «tinn ^ ^ ™ 

of the voice signal is larger than the time fluctuation of the power of the voiceband data standi I £S5S V^l^Z 

sTona. f s tr neS y US " 9 reSU ' tS Wi,hin 3 P ' Ura,i * of continuous analysis f ames wfeZ h e ^ 

signa ,s the vo.ce s.gnal or the voiceband data signal. Then, the judgement unit 1 14 outputs the judg J 2u It S23 ^ 

3 TlZ ?' T: ,Ud96ment Urtt 1 1 4 dG,ermineS Wi,Wn ,he ana, ^ is ,rame * the basil of SSJS f of the 

Output of difference calculation unit 1 13 ^ Th4 ^) 

' n *V£Z7?T "IT™ ° 3) ' referenCS ^ ™ d6piCtS 3 P^ly-determined threshokf value 
the i™, , 1 T me ° f ¥0iceband d3ta Si9nal is Sma,,er than •« °< the voice signal Therefore if 

bernT ' S V °' Ceband ^ Signa '- th6n ^ miue on ,he ,eft - hand member of the abT equSn^^ 

aTJ f ^Trf Wjth ^ th3t ,he inpUt 519,131 is the voice *nal so that the abovJ eqSSn (13 2 

Then ttt Siiv de ' er " 1,ned wrth,n *« analysis frame that the input signa. is the voice signal. 
wnPthTHhl ? y ? ^ by US ' n9 ,Ud9ed results ob,ained witnin a Plurality of consecutive analysis frames 
Barnes o rjr S ' 9n 1^ "** SiQnal " th6 V ° iCeband data Si9naL * « is - N18 "rSj JSS 

ment uot i ?1 T T ana ' ySiS ,ram6S th3t ^ inpUt Si9na ' iS the VOice si 9 nal ' then ^ ^ oi lT^ot 

ment umt 1 14 ,s set to the value "0" (voice signal). If on the other hand it is determined in N20 or more ana^ sis f ames 
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out of consecutive N19 analysis frames that the input signal is the voiceband data signal, the output S23 of the judge- 
ment unit 1 14 is set to the value T (voiceband data signal). If it is determined that the input signal is neither the voice 
signal nor the voiceband data signal, then the output S23 of the judgement unit 1 14 is held in the previous state- 
According to the above-mentioned arrangement, when the input signal, such as the voice signal in which the time 
fluctuation of the power is large is supplied, the output S38 of the difference calculation unit 113 becomes large. There- 
fore, it is possible to determine by comparing the output S38 of the difference calculation unit 1 13 with a certain thresh- 
old value by the judgement unit 114 whether the input signal is the voice signal or the voiceband data signal. 



10 
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Embodiment 15 



FIG. 18 shows other arrangement of the voice/data discrimination unit 60 as the embodiment 15 of the signal dis- 
crimination circuit. In FIG. 18, like parts corresponding to those ot FIGS. 5 and 1 7 are marked with the same references. 
As shown in FIG. 18, there is provided the judgement unit 1 14 which determines on the basis of the outputs S32, S33 
and S38 of the low frequency power addition unit 110. the whole band power addition unit 1 1 1 and the difference cal- 
15 culation unit 1 13 whether the input signal is the voice signal or the voiceband data signal. 

In the voice/data discrimination unit 60, the input signals S9-0 to S9-(n-1) are input through the signal lines S21-0 
to S21-(n-1) and S30-0 to S30-(n-l), S21-0 to S21-(n-1) and S31-0 to S31-(n-1) to the low frequency power addition 
unit 110 and the whole band power addition unit 111, respectively. Operations of the low frequency power addition unit 
1 10 and the whole power addition unit 1 1 1 are the same as those of the aforesaid embodiment 2. Moreover, operations 
20 of the delay buffer 1 12 and the difference calculation unit 1 13 are the same as those of the aforesaid embodiment 14. 

The judgement unit 1 1 4 determines within the analysis frame on the basis of the outputs S32, S33. S38 of the low 
frequency power addition unit 110, the whole band power addition unit 111 and the difference calculation unit 113 
whether the input signal is the voice signal or the voiceband data signal. Also, the judgement unit 1 14 finally determines 
by using judged results obtained within a plurality of analysis frames whether the input signal is the voice signal or the 
25 voiceband data signal. Then, the judgement unit 114 transmits a judged result as the output S23. 

Initially, the judgement unit 114 calculates a ratio between the output S32 of the low frequency power addition unit 
1 10 and the output S33 of the whole band power addition unit 111. 

Then, the judgement unit 114 determines within the analysis frame on the basis of the following equation (14) 
whether or not the input signal is the voice signal. 



Output of low frequency power addition un/fl 10 Thc . 

Output of whole band power addition unit 111 " 4 ' 



Incidentally, in the above equation (14), reference symbol Th5 depicts a previously<Jetermined threshold value. The 
value of the threshold value Th5 may be either equal to or different from the value of Th2 in the aforesaid equation (6) 
35 of the embodiment 2. 

If the input signal is the voice signal, then the value on the left-hand side member of the equation (14) becomes 
large as compared with the case that the input signal is the voiceband data signal so that, when the equation (14) is 
satisfied, it can be determined within this analysis frame that the input signal is the voice signal. On the other hand, 
when the equation (14) is not satisfied, there is then the large possibility that the input signal will be the voiceband data 
40 signal. But the frequency spectrum of the voice signal has a relatively large fluctuation. So there is then the possibility 
that the above-mentioned equation (14) is not satisfied depending on the value of Th5 even when the input signal is the 
voice signal. Accordingly, a condition under which it is detected that the input signal is the voiceband data signal is 
determined separately. 

The judgement unit 114 determines within an analysis frame by using the ratio between the output S32 of the low 
45 frequency power addition unit 1 10 and the output S33 of the whole band power addition unit 1 1 1 and the output S38 of 
the difference calculation unit 1 13 on the basis of the following equation (1 5) whether or not the input signal is the voice- 
band data signal. 



Output of low frequency power addition unin 1 0 ^ JhR . 
Output of whole band power addition unit 111 " * ^ 

Also, the judgement unit 1 14 carries out the above-mentioned processing by using the following equation (16): 

Output of difference calculation unit 113 ^ Th7 (16) 

55 In the above-mentioned equations (15) and (16). reference symbols Th6 and Th7 are previously-determined threshold 
values. The value of the threshold value Th6 may be either equal to or different from the value of the threshold value 
Th2 used in the equation (6) of the embodiment 2. Further, the value of the threshold value Th7 may be either equal to 
or different from the value of the threshold value Th4 used in the equation (13) of the embodiment 14. Moreover/the 



22 



EPO 734 012 A2 

thtiuation (Mr" Va ' Ue ^ ^ 6ither eqUa ' 10 " m&enl <r0m V3,Ue 0< the ,hreSh0 ' d V3,Ue Th5 ««* - 
If the input signal is the voiceband data signal, then the value on the left-hand side member on the equation f i« 
becomes smaller as compared with the case that the input signal is the voice signal. Therefore if the ataJe^oE2 
equation ( ,5) -s satisfied, there is then the large possibility that the input signal will be the voiceband S^TSS 

nan, 2 T7 r T 6 ^ ^ Si9na ' h3S 3 Sma " timS ,,UCtuat ' 0n as * SI ?th?S ce £ 

I ' npUt S,9^ : | a, 15 ,he v0 * ceband data tiBnal. then the value of the left-hand side member on the aboveZaUon 

• } i T' 35 C ° mpared the Case that the m ^ ^Qnal is the voice signal Therefore 'he ZaSn 
,s sa ,sf,ed. there ,s then the large possibility that the input signal will be the voiceband data stgnal' Thus X ab ov! 

=puT- 9 S 

fhat!^^ 

«,on system of MODEM is changed, there is then the possibility that neifher of the ^SZS^'J^SS^ 
sat.sfied depend.ng on the values of the threshold values Th6 and Th7. Accordingly. JSS^^£S^ 
tjned equals (15) and (16) are not the conditions under which it can be defied that JZ^TZ'Ze 

whJ^m! ^ ,i ? a " y d f ,ermined by USing judged resu,ts obtained wj tWn a Plurality of continuous analysis frames 
whether the mput s.gnal .s the voice s.gnal or the voiceband data signal If it is determined in N22 or ™ 1 T 
frames out of continuous N21 analysis frames that the input signal is th. voice s^g na Ztt outout L ofThelS 
ment un 4 « set to the va.ue t»- (voice signal). Further, if H is determined in N24 or nia^^^^^ 
t.nuous N23 analysis frames that the input signal is the voiceband data signal, then the ^S^7!l^l^t 

I th " V3lUe " 1 " (VOiC6band ^ S ^ nal) - " H is de,ermined « ha < th. ^^^^JSSSZ 

nor *he vo,ceban d data s,gnal. then the output S23 of the judgement unit 1 U is held in L previous Sate ' 

6a^n^VH^ e ' m T ned arran 9 emert - rt is to discriminate the voice signal JL voiceband 

data s,gnal w tti a h.gh accuracy by using the feature in which the ratio of the output S32 of the lower freauencl^owTr 
addrt.on unit 1 10 relative to the output S34 of the who.e band power addition unit 11 1 is incn^a^SSZSS 
such as the vo.ce s.gnal ,n which a power distribute is concentrated on the low frequency band s«^3S 
feature ,n wh.ch the output S38 of the difference calculation unit 1 13 is increased when the irTt siqnaTsuth 2 £ 
vo.ce signal of wh.ch the time fluctuation of power is large is supplied 9 6 



Embodiment 1fi 



FIG. 1 9 shows other arrangement of the voice/data discrimination unit 60 as the embodiment 1 6 of the sional 
hZ^nG^ t " FO 19 ' "IIT 5 CO " esponding to those of FIG. 18 are marked S^san^iiSS* 
21 rl k ? ' S Pr0V ' ded 3 SUb - band P0wer decima tion unit 1 15 which selects the low frequency barJ'tht 

^Jo^,S«E ? hi9h ,r T nCy ^ ,r ° m thS SUb " band ^ Va,ues <™ thTsuTb^er 
calculation unit 51 and outputs power values of these frequency bands. There is provided the iudqement unit 1 14 ShS 

h,n^ J? V f e/data dis ^imination unit 60. the sub-band power decimation unit 115 selects one by the freauencv 

nd' X^Z^^S^T' T ^ k ,r ! qUenCV ^ high «^™y ^o^ ZrlZ^ 
udno power values 59-0 to S9-(n-1 ) output from the sub-band power calculation unit 51 Then the sub-banri nm*»r 

fS 2o7thT K a pnn "***,!*' *" * W ^ * hi9h freque "<* band ■» aVSJJ S82 
1 15 RG t S o hema,iC dia9ramS USSd 10 6xp,ain 0peratbn of the su t>-band power decimation unit 

nL> r the ° UtPU,S S9 "° 10 S9 (n " 1) supplied ,hereto ,rom sub-band power ca^lation STl wSn 
H^ETcT? ,S J nPUt t0 1,16 SiQnal discrimination <*«*■ 20B shows the outputs S9-0 to sl-HZpTed h^eto 

FIG 2?C fi t^ nd H P ° We : Ca, ^ ,ati0n UPit 51 Wh6n thS VOiCSband data Si 9" al is in P"t to the signal dtoSSSS^S? 
FIG. 20C shows the outputs S80. S81. S82 supplied thereto from the sub-band power decimation ^115 wh^ it 

Z B JTJT ^ ,0 Si9na ' disCrimination circ ^ F| G 20D shows the output^ ^ £ ^ZS^llorl 

*J IOW band S ' 9nal - ,here is se,ec,ed a ,r ^ ue ^ ba^ signa. in which a power value is sSicienfly 

IZ ^ and SB 0 " theltS T" ^ — is ***** ^ « the voice signa, asTown 1 A1 it FOS 

2 VrTfc ^ u 6 frequency band s, 9 nal - ther e is selected a frequency band signal in which a freauencv is 

whk^h a 'fSl„? P ur * hermor e. as the h.gh frequency band signal, there is selected a frequency band signal in 
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It is determined in the decision unit 1 1 4 on the basis of the power values S80, S81 , S82 of the respective frequency 
bands of the low, middle and high frequency bands output from the sub-band power decimation unit 1 15 within the anal- 
ysis frame whether the input signal is the voice signal or the voiceband data signal. Then, the decision unit 114 finally 
determines by using those judged results obtained within a plurality of continuous analysis frames whether the input 
5 signal is the voice signal or the voiceband data signal. The decision unit 114 transmits the finally judged result as the 
output S23. 

It is determined in the decision unit 1 1 4 by using the power values S80, S81 , S82 of the respective frequency bands 
of the low frequency band, the middle frequency band and the high frequency band within the analysis frame on the 
basis of the following equations (17), (18) and (19) whether the input signal is the voice signal or the voiceband data 
io signal. 

Power value S80 of low frequency band > Th8 (17) 
Power value S82 of high frequency band < Th9 (18) 

15 

\(power value S82) - (power value S81 of middle band)] > Th10 (19) 

In the above-mentioned equations (17), (18) and (19), Th8, Th9 and Th10 are the previously-determined threshold 
values, respectively. 

20 As shown in FIGS. 20A through 20D, the power distribution of the voice signal is spread over the low frequency 
band component as compared with that of the voiceband data signal. As a result, the power value S80 of the low fre- 
quency band signal becomes small in the voiceband data signal and becomes large in the voice signal. Therefore, if the 
above equation (17) is satisf ied, there is then the large possibility that the input signal will be the voice signal within this 
analysis frame. If on the other hand the above equation (17) is not satisfied, there is then the large possibility that the 
25 input signal will be the voiceband data signal within this analysis frame. Moreover, a power value of a high frequency 
band component of the voice signal is small as compared with that of the voiceband data signal. As a result, the power 
value S82 of the high frequency band signal becomes large in the voiceband data signal and becomes small in the 
voice signal. Therefore, if the above equation (1 8) is satisfied, there is then the large possibility that the input signal will 
be the voice signal in this analysis frame. If on the other hand the above equation (18) is not satisfied, there is then the 
30 large possibility that the input signal will be the voiceband data signal within this analysis frame. 

Furthermore, the voiceband data signal has a fiat power spectrum as compared with the voice signal. As a result, 
the difference between the power value S82 of the high band frequency signal and the power value S81 of the middle 
band frequency signal becomes small in the voiceband data signal and becomes large in the voice signal. Therefore, if 
the above equation (19) is satisfied, there is then the large possibility that the input signal will be the voice signal within 
35 this analysis frame. If on the other hand the above equation (1 9) is not satisfied, there is then the large possibility that 
the input signal will be the voiceband data signal within this analysis frame. Accordingly, if two or more equations of the 
three equations shown on the above-mentioned equations (17), (18) and (19) are satisfied, then it is determined within 
this analysis frame that the input signal is the voice signal. If one or less of the above-mentioned equations (17), (18) 
and (1 9) is satisfied, then it is determined within this analysis frame that the input signal is the voiceband data signal. 
40 Subsequently, it is finally determined by using those judged results obtained in a plurality of continuous analysis 
frames whether the input signal is the voice signal or the voiceband data signal. If it is determined in N26 or more anal- 
ysis frames out of continuous N25 analysis frames that the input signal is the voice signal, then the output S23 of the 
judgement unit 1 14 is set to the value "0" (voice signal). If it is determined in N26 or more analysis frames out of con- 
tinuous N25 analysis frames that the input signal is the voiceband data signal, then the output S23 of the judgement 
45 unit 1 1 4 is set to the value **1 * (voiceband data signal). If it is determined that the input signal is neither the voice signal 
nor the voiceband data signal, then the output S23 of the judgement unit 1 14 is held in the previous state. 

According to the above-mentioned arrangement, the voice/data discrimination processing is carried out by using 
frequency bands typically representing the low frequency band, the middle frequency band and the high frequency 
band of the sub-band power values output from the sub-band power calculation unit 51 so that, it is possible to reliably 
so classify various types of signals including tone signal into voice signal or voiceband data signal with a high accuracy by 
the simple arrangement. 

As described above, according to the present invention, since the operation of the discriminated result output unit 
which determines on the basis of the judged result based on the interblock electric power ratio of the input signal and 
the judged result based on the zero-crossing number whether the input signal is the voice signal or the voiceband data 
55 signal is controlled by the output from the tone detection unit which calculates the sub-band power values by analyzing 
the input signal by the spectrum analyzer to thereby judge the presence or absence of the tone signal, the tone signal 
can be reliably classified into the voice signal when the tone signal is input to the signal discrimination circuit. Thus, it 
is possible to realize the signal discrimination circuit which can reliably classify various types of signals including tone 
signal into voice signal or voiceband data signal with a high accuracy. 
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According to other aspect of the present invention, the sub-band power values are calculated bv ana i™„« 
signal by the spectrum analyze, Then, the presence or absence of L tone si n 7s?u5£"^ SsTs S3? 
band power values J»,s determined on the basis of the sub-band power values whether the inp* sj^ls^ 
nal or the vo.ceband data signal. Also, it is determined on the basis of the tone sianal detected i «c, STJt JH C< L S,g ' 
discriminated result whether the input signal is the voice signa. or the ^S£^^Z^&£^ 
reahze the s,gnal discrimination circuit of the simp.e arrangement in which the judgement bJed^ilSS.? 

-ncluding tone s.gnal mto vo.ce signal or voiceband data signal with a high accuracy. 9 
According to other aspect of the present invention, the call connection or the call disconnection is detected on *. 

bas.s of the state of the signalling signal. The reset signal is generated when the call conraSton ^ZVSS? 

tion is detected. Then, the discriminated state can be output as the voice stand in rei^se to h. ! 

the initial state of the output from the agnal discnminatiolircuit ^^ZS^^Z^-^ 

can be set to the vojce signa.. Therefore, it is possible to realize the signal discrimination S^S^^^T- 

s„y var.ous types of s,gnals including tone signa. into voice signa. or voiceband data signa. ^Vntt^5c7 

According to other aspect of the present invention, when the tone signal is detected the ™nr j ™ T , 

the 21 00 [Hz, tone signa. is detected in response to the power va.ue of the ^££S£d ZZ^ ltzZlZ 

According to other aspect of the present invention, when the tone signal is detected the presence or abssnr* „f 
the tone s,gnal ,s .udged on the basis of the added va.ue which results from adding the power Sue o ^bSSS^ 
power becomes max.mum and the power va.ues of the bands near the foregoing band andTe SluetrSh 
resulte from adding the power values of the whole bands of the sub-band powS s. Therefore rt is poSS £5Se2£ 

SdSr^ ,T S ' 9nal by UBin0 ,he fea,Ure whiCh ,he ratio between * he **ed value of ESi^STiS 
the added value of the power values of the whole bands is increased when the input signal whose freSutnc^Smm 
,s concentrated on the local portion is supp.ied to the signal discrimination circuitous s pSsM^elZT^ 

SS^S^JSS c,asstfy var,ous of si9nals inc,udin9 10 " : ~ 

ues of the frequency bands near the foregoing frequency bands. Also, the sISK^S^Z SSSST^" 

Z J,T Sr V tr f fr6qUenCy b3nd wh0M P0wer value becomes maximum inX ^tSS^SS 

SZZ £ 5.T 8 T : a ' UeS ° f ,he ,reqUSnCy band near the ,ore 9° in 9 fr ^ncy band Then 
absence of the tone s,gnal ,s detected in response to the ratio between the added value which results from SSZXFJL 
power values and the added value which results from the power values of the ^^^^S^S^^ 
EZL T^** ,0 re,iaWy det6Ct me sin 9' e -^ncy signa, or the f^S^^^lIZ £££ 
1 K 6 1!"° betW6en ,he added va,ue of the peak P™* 5 and «• added value E 
whofe frequency bands is increased when the input signal, such as the single-frequency tone staSX ft! dJ fTe! 

Z Tc t T-l*™ WhOSe ' reqUenCy spe< * um iS conc ^ted on the local rxUon^s supplied 7^S£^^ 
ZZ \ J* ' l 15 10 reali2e 1,16 ^ discrimi nation circuit which can reSbly etas* ^SJSSeTS 

agnate -ndudmg tone signal into voice signa. or voiceband data signa. with a high accuracy ^ 

According to a further aspect of the present invention, when the tone signal is detected' the mean value of th* fr„ 
quency spectrum distribution of the input signa. is ca.cu.ated as the center frequency fr^ the powe^ ^ cftrtTaS 

thel'nf f"' S Cent «L ,reqUenCy " hG,d ^ the PreS6nCe ° r absence °< ^ *9« £££ ^onlhe Sof 
he center frequency. Therefore, it is possible to reliably detect the single-frequency tone signa. and tS dual fr^n^ 
tone s,gn a . by using the feature in which the time Actuation of the center fluency ^SS^^S^S 
quency. such as the single-frequency tone signa, or the dua.-frequency tone Sgna. i^B^^^^ 
t.on IS small .s supplied to the signal discrimination circuit. Thus, it is possible to realize the sb % 

According to a further aspect of the present invention, when the tone sianal is detPrtPd th* c , ,k.k^ 

the dual frl,fon, , Ub * 3n r erS d ' reCt,y ,nput ' ThuS - " is 10 detect » e single-frequency tone signal 

he dual-frequency tone signal by using the feature in which the difference is decreased when toe incut sianal 

unn2r^ UenCy , t ° ne Si9na ' ° f <he tone signa. whose frequency spe^fiXXS snS.i 

supphed to the s,gna. domination circuit. Therefore, i, is possible to rea.ize the signal dlaiminatlS whiS 
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reliably classify various types of signals including tone signal into voice signal or voiceband data signal with a high accu- 
racy. 

According to a further aspect of the present invention, when the tone signal is detected, the sub-band powers are 
held and the presence or absence of the tone signal is judged in response to the ratio between the sub-band powers 
thus held and sub-band powers directly input. Therefore, it is possible to detect the single-frequency tone signal and the 
dual-frequency tone signal by using the feature in which the difference is decreased when the input signal, such as the 
single-frequency tone signal or the dual-frequency tone signal whose frequency spectrum fluctuation is small is sup- 
plied to the signal discrimination circuit. Thus, it is possible to realize the signal discrimination circuit which can reliably 
classify various types of signals including tone signal into voice signal or voiceband data signal with a high accuracy. 

According to a further aspect of the present invention, it is determined on the basis of the ratio between the output 
which results from adding only the power values of the low frequency bands of the sub-band powers and the output 
which results from adding the power values of the whole band of the sub-band powers. Therefore, it is possible to real- 
ize the signal discrimination circuit which can discriminate between the voice signal and the voiceband data signal by 
using the feature in which the ratio of the output which results from adding only the power values of the low frequency 
bands relative to the output which results from adding the power values of the whole frequency bands is increased 
when the input signal in which the power distribution is deviated in the low frequency band, such as the voice signal is 
supplied. 

According to a further aspect of the present invention, in the voice/data discrimination unit, sub-band powers of the 
whole bands are added and the added output is held. Then, it is determined on the basis of the difference between the 
added value thus held and the added value which results from adding the respective band powers of the whole fre- 
quency bands whether the input signal is the signal or the voiceband data signal. An output of a difference calculation 
unit increases when the input signal, such as the voice signal whose power time fluctuation is large is supplied to the 
signal discrimination circuit. Thus, it is possible to realize the signal discrimination circuit which can discriminate 
between the voice signal and the voiceband data signal by comparing the output of the difference calculation unit with 
a certain threshold value. 

Further, according to a yet further aspect of the present invention, in the voice/data discrimination unit, the added 
value which results from adding only the lower frequency of the sub-band powers and the added value which results 
from adding the power values of the whole frequency bands of the sub-band powers are calculated. Then, the added 
value which results from adding the power values of the whole frequency bands are held, and the difference between 
the added value thus held and the added value of the power values of the whole frequency bands is calculated. It is 
determined on the basis of the added value of the power values of the low frequency bands, the added value of the 
power values of the whole frequency bands and the difference whether the input signal is the voice signal or the voice- 
band data signal. Thus, it is possible to realize the signal discrimination circuit which can discriminate between the voice 
signal and the voiceband data signal with a higher accuracy by using the feature in which the ratio of the added value 
of the powers of the low frequency bands relative to the added value of the powers of the whole frequency bands is 
increased when the input signal, such as the voice signal whose power distribution is concentrated on the low frequency 
bands is supplied to the signal discrimination circuit and the feature in which the difference is increased when the input 
signal, such as the voice signal whose power time fluctuation is large is supplied to the signal discrimination circuit. 

Furthermore, according to a still further aspect of the present invention, in the voice/data discrimination unit, there 
are selected a plurality of frequency bands of sub-band powers in which characteristics of the voice signal or the voice- 
band data signal become remarkable. Then, it is determined on the basis of these selected outputs whether the input 
signal is the voice signal or the voiceband data signal. Therefore, the voice/data discrimination processing is carried out 
by using the frequency bands typically representing the low frequency band, the middle frequency band and the high 
frequency band of the sub-band powers. Thus, it is possible to realize the signal discrimination circuit of the simple 
arrangement which can discriminate between the voice signal and the voiceband data signal with a higher accuracy. 

Claims 

1 . A signal discrimination circuit comprising: 

an electric power judgement unit for determining on the basis of an interblock electric power ratio whether an 
input signal is an voice signal or an voiceband data signal; 

a zero-crossing number judgement unit for determining on the basis of a zero-crossing number whether said 
input signal is said voice signal or said voiceband data signal; 

a discriminated result output unit for determining on the basis of judged results of said electric power judge- 
ment unit and said zero-crossing number judgement unit whether said input signal is said voice signal or said 
voiceband data signal and outputting said judged result; 

a sub-band power calculation unit for analyzing said input signal by a spectrum analyzer and calculating sub- 
band powers by using said spectrum analyzed result; and 
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detect,™ „„f a " 0Pe,a "° n Said discri ™ aM «P"' » controlled b» the c^tpu, Irom said tone 

. A signal discrimination circuit comprising: 

a discrimmated resull outpul unit for determining on the basis of judqed results of «iri t™ 0 rf 

A signal discrrmination circuit according to claim 1 or 2. wherein said tone detection unit includes: 

a peak frequency power addition unit for adding power values of a fr^o, te nrw k^h u- u 

^SEZSS" uni ' to *""*> ^ 01 •** **-«» — «*- «*» - -»*«< 

a judgement unit for calculating a ratio between an output of said peak freau^nrv nr»» 0 r =. ^ 

A signal discrimination circuit according to claim 1 or 2. wherein said lone detection unit includes: 

USJSSSZSS" "* to,<,dIfc9 ^ °" ** *•-»* '« — - 

a lodgement unit lor calculating a ratio between an output of said adder and an cm™,. n. •, , ,. _ 

A signal discrimination circuit according to claim 1 or 2, wherein said tone detection unit includes: 
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a center frequency calculation unit tor calculating a mean value of an input signal frequency spectrum distribu- 
tion from an output of said sub-band power calculation unit; 
a delay buffer for holding an output of said center frequency calculation unit; and 

a judgement unit for judging the presence or absence of said tone signal on the basis of an output of said 
center frequency calculation unit and a output of said delay buffer. 

8. A signal discrimination circuit according to claim 1 or 2, wherein said tone detection unit includes: 

a delay buffer for holding an output of said sub-band power calculation unit; 

a difference calculation unit for calculating a difference between the output of said sub-band power calculation 
unit and an output of said delay buffer; and 

a judgement unit for judging the presence or absence of said tone signal on the basis of said difference calcu- 
lation unit. 

9. A signal discrimination circuit according to claim 1 or 2, wherein said tone detection unit includes: 

a delay buffer for holding an output of said sub-band power calculation unit; 

a divider for calculating a ratio between an output of said sub-band power calculation unit and an output of said 
delay buffer; and 

a judgement unit for judging the presence or absence of said tone signal on the basis of an output from said 
divider. 

1 0. A signal discrimination circuit according to claim 2, wherein said voice/data discrimination unit includes: 

a low frequency power addition unit for adding only power values of low frequency bands of the output of said 
sub-band power calculation unit; 

a whole band power addition unit for adding power values of whole frequency bands output from said sub-band 
power calculation unit; and 

a judgement unit for calculating a ratio between the output of said low frequency power addition unit and the 
output of said whole band power addition unit and determining on the basis of said calculated result whether 
said input signal is a voice signal or a voiceband data signal. 

11. A signal discrimination circuit according to claim 2, wherein said voice/data discrimination unit includes: 

a whole band power addition unit for adding power values of whole frequency bands output from said sub-band 
power calculation unit; 

a delay buffer for holding an output of said whole band power addition unit; 

a difference calculation unit for calculating a difference between the output of said whole band power addition 
unit and the output of said delay buffer; and 

a judgement unit for determining on the basis of the output of said difference calculation unit whether said input 
signal is a voice signal or a voiceband data signal. 

12. A signal discrimination circuit according to claim 2, wherein said voice/data discrimination unit includes: 

a low frequency power addition unit for adding only power values of low frequency bands of the outputs of said 
sub-band power calculation unit; 

a whole band power addition unit for adding power values of whole frequency bands output from said sub-band 
power calculation unit; 

a delay buffer for holding an output of said whole band power addition unit; 

a difference calculation unit for calculating a difference between the output of said whole band power addition 
unit and the output of said delay buffer; and 

a judgement unit for determining on the basis of the outputs of said low frequency power addition unit, said 
whole band power addition unit and said difference calculation unit whether said input signal is a voice signal 
or a voiceband data signal. 

13. A signal discrimination circuit according to claim 2, wherein said voice/data discrimination unit includes: 
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a sub-band power decimation unit for selecting a plurality of frequency bands in which characteristic of a • 
signal or a voiceband data signal become conspicuous of theoutput of s^toSS^^^ ™? 
and outpurting power values of said frequency bands; and P calcula,,on "™t 

a judgement unit for determining on the basis of an output of said sub-band power decimation unit «,h*,h* •„ 
input signal is a voice signal or a voiceband data signal. decimation unit whether said 
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FIG. 9 
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FIG. 10 
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FIG 11 
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FIG. 13 
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FIG. 21 



200-1 




200-M 



201-1 



206-1 



207-1 



201-2 
201-3 



210 



201- (M-1) 



CHANNEL 

ASSIGNMENT 

UNIT 



201-M 



202-1 
202-2 
202-3 



204-1 
204-2 



211 
\ 204-3 



ACTIVITY 

DETECTION 

UNIT 



rv 

\ 202-IM-1) 

202- M 

203- 1 
203-2 

203^ 



( 204-IM-1) 
204- M 



206-2 
^206-3 



213 



i 



ENCODING 
UNIT 



( 206-(m-i5 : 
206-m 




212 



205-1 
) 205-2 
) 205-3 



203-(M-1) \ 
203-M 



SIGNAL 

DISCRIMINATION 
UNIT 




t^07-(m-U\ 
207-m 



205-IM-1) / 
205-M 



48 



EP 0 734 012 A2 



FIG, 22 



S4 



1 



S1 



LINEAR 

CONVERSION 
UNIT 



3 

J_ 



ZERO- CROSS IN6 
NUMBER 
JUDGEMENT UNIT 



S2 



S3 



_ ELECTRIC POWER 
J JUDGEMENT UNIT 



S6 



Y 

S5 



49 



EP 0 734 012 A2 



FIG. 23A 



AMPLITUDE 




TIME 



AMPLITUDE 



FIG. 23B 




TIME 



AMPLITUDE 



FIG. 23C 




TIME 



50 



EP 0 734 012 A2 



APPEARANCE 



2UA 




FREQUENCY OF 
APPEARANCE 



2U8 



FREQUENCY OF 
APPEARANCE 



2UC 



NUMBER OF ZERO-CROSSING 




NUMBER OF ZERO-CROSSING 



NUMBER OF ZERO-CROSSING 



51 



CO 

< 

o 

CO 

o 

CL 
LU 



(19) 



J) 





(12) 



(88) Date of publication A3: 

12.08.1998 Bulletin 1998/33 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets £p Q J24 012 A3 

EUROPEAN PATENT APPLICATION 

(51) int. ci. 6 : G10L3/00 



(43) Date of publication A2: 

25.09.1996 Bulletin 1996/39 

(21) Application number: 95109657.7 

(22) Date of filing: 21.06.1995 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 24.03.1995 JP 66268/95 

(71) Applicant: 

MITSUBISHI DENKJ KABUSHIK) KAISHA 
Tokyo 100 (JP) 



(54) Signal discrimination circuit 

(57) An operation of a discriminated result output 
unit (53) which determines on the basis of a judged 
result (S5) based on an interblock electric power ratio of 
an input signal (S1) and a judged result based on a 
zero-cross number (S6) whether the input signal (S1) is 
a voice signal or a voiceband data signal is controlled by 
an output (S10) of a tone detection unit (52) which ana- 
lyzes the input signal (S1) by a spectrum analyzer to 
calculate sub-band powers and which determines on 
the basis of the sub-band powers the presence or 
absence of the tone signal, whereby an output (S1 1) of 
a discriminated result output unit (53) can be set to the 
value "0" (voice signal) when the tone signal is input. 
The signal discrimination circuit can reliably classify var- 
ious types of signals including tone signal into voice sig- 
nal or voiceband data signal with a high accuracy. 



(72) Inventors: 

* Sugino, Yukimasa, 

c/o Mitsubishi Denki K.K. 
Kamakura-shi, Kanagawa 247 (JP) 

• Narto, Yushi, 

c/o Mitsubishi Denki K.K. 
Kamakura-shi, Kanagawa 247 (JP) 

(74) Representative: 

Pfenning, Meinig & Partner 
Mozartstrasse 17 
80336 Munchen (DE) 



FIG. 1 




\ [LINEAR ^ 

—^CONVERSIONS 
UNn 



S8-0 



71 



FFT 

CALCULATION 
UNIT 



$9-0 
IS9-1 
-51 \[ S9-2 



SU9 -BAND 
POWER 
CALCULATION 
UNIT 



Sa-In-2|\ 
SB-fn-B 



,52 



TONE 

cntrnoN 

UNIT 



S9-ln-1) 



Printed t>y Xerox (UK) Business Services 
2.16.3/3.4 



EPO 734 012 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 10 9657 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
ot relevant passages . 



EP 0 480 129 A (MITSUBISHI ELECTRIC CORP) 1,2,4 
15 April 1992 . ca 

column 1, line 47 - column 2, line 50 * 
column 4. line 7 - column 8, line 1; 
figures 1,6,7,10 * 

CASALE S ET AL: "A DSP IMPLEMENTED 1,4 
SPEECH/VOICEBAND DATA DISCRIMINATOR" 
28 November 1988 , COMMUNICATIONS FOR THE 
INFORMATION AGE, HOLLYWOOD, NOV. 28 - DEC. 
1988 VOL. VOL. 3. NR. PAGE(S) 1419 
1427 \ INSTITUTE OF ELECTRICAL AND 
ELECTRONICS ENGINEERS XP000042485 
. page 1420, right-hand column, line 9 - 
page 1422, left-hand column, line 29 * 

* page 1422, right-hand column, line 22 - 
page 1424, left-hand column, line 10; 
figures 2,4,5 * 

" IEEE INTERNATIONAL CONFERENCE ON 
COMMUNICATIONS" 

19 June 1983 , IEEE COMMUNICATIONS SOCIETY 

BOSTON XP002068265 17983 
WAI-YIP-CHAN et al . , "Speech Detection for 
a Voice/Data Mobile Radio Terminal", 
p. 1650-1654. 

* page 1650, right-hand column, line 24 - 
page 1651, right-hand column, line 2; 
figure 3 * 



Relevant 
to claim 



1 



The present search report has been drawn up to* all claims 



Place ot search 



THE HAGUE 



Date of comprtoon of me seeich 

16 June 1998 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 



G10L3/00 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



G10L 
H04Q 



Pulluard, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant it taKen alone 

Y : particularly relevant (I combined with another 

document ot the same category 
A : technological background 
O : non-wrmen disclosure 
P : intermediate document 



T : theory or arincipte underlying the invention 
E : earlier pa:em document, but puDlished on, or 

after the tJing date 
O : documen: cited in the application 
L : cocument cited lor other reason* 

A : mernoer ot the same patent family, corresponding 
cocument 



2 



